A study of the Home Heating Index and comparison with other energy -efficiency indices by Huebner, Jonathan Daniel
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1985
A study of the Home Heating Index and
comparison with other energy -efficiency indices
Jonathan Daniel Huebner
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Oil, Gas, and Energy Commons, and the Physics Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Huebner, Jonathan Daniel, "A study of the Home Heating Index and comparison with other energy -efficiency indices " (1985).
Retrospective Theses and Dissertations. 8705.
https://lib.dr.iastate.edu/rtd/8705
INFORMATION TO USERS 
This reproduction was made from a copy of a manuscript sent to us for publication 
and microfilming. While the most advanced technology has been used to pho­
tograph and reproduce this manuscript, the quality of the reproduction is heavily 
dependent upon the quality of the material submitted. Pages in any manuscript 
may have indistinct print. In all cases the best available copy has been filmed. 
The following explanation of techniques is provided to help clarify notations which 
may appear on this reproduction. 
1. Manuscripts may not always be complete. When it is not possible to obtain 
missing pages, a note appears to indicate this. 
2. When copyrighted materials are removed from the manuscript, a note ap­
pears to indicate this. 
3. Oversize materials (maps, drawings, and charts) are photographed by sec­
tioning the original, beginning at the upper left hand corner and continu­
ing from left to right in equal sections with small overlaps. Each oversize 
page is also filmed as one exposure and is available, for an additional 
charge, as a standard 35mm slide or in black and white paper format. • 
4. Most photographs reproduce acceptably on positive microfilm or micro­
fiche but lack clarity on xerographic copies made from the microfilm. For 
an additional charge, all photographs are available in black and white 
standard 35mm slide format.* 
*For more information about black and white slides or enlarged paper reproductions, 
please contact the Dissertations Customer Services Department 
'"IIoiMarshy 
Micixmlms 
.=. iDtemfltiooal 

8604475 
Huebner, Jonathan Daniel 
A STUDY OF THE HOME HEATING INDEX AND COMPARISON WITH OTHER 
ENERGY-EFFICIENCY INDICES 
Iowa State University PH.D. 1985 
University 
Microfilms 
I ntsrnstionâl 300 N.  zeeb Road,  Ann Arbor ,  Ml48106 

PLEASE NOTE: 
In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V . 
1. Glossy photographs or pages 
2. Colored illustrations, paper or print 
3. Photographs with dark background 
4. Illustrations are poor copy 
5. Pages with black marks, not original copy 
6. Print shows through as there is text on both sides of page 
7. Indistinct, broken or small print on several pages vX 
8. Print exceeds margin requirements 
9. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking when material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numbering only as text follows. 
13. Two pages numbered . Text follows. 
14. Curling and wrinkled pages 
15. Dissertation contains pages with print at a slant, filmed as received 
16. Other 
University 
Microfilms 
International 

A s tudy o f  the Home Heat ing Index and 
compar ison wi th  other  energy-ef f ic iency ind 
by 
Jonathan Danie l  Huebner  
A D isser ta t ion Submi t ted to  the 
Graduate Facul ty  in  Par t ia l  Fu l f i l lment  o f  
Requi rements for  the Degree o f  
DOCTOR OF PHILOSOPHY 
Major :  Phys ics 
Approved :  
In  Charge o f  Major  Work 
For  the Major  Depar tment
For  the Gra 
Iowa State Univers i ty  
Ames,  Iowa 
1985 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
1  i  
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
A DESCRIPTION OF VARIOUS ENERGY-EFFICIENCY INDICES 3 
Normal ized Annual  Consumpt ion 3  
Thermal  In tegr i ty  Factor  4 
Cal i forn ia  Point  System 5 
Heat ing Energy Index S 
Pass ive Heat ing Rat io  6  
Energy Rat io  7 
Solar  Fract ions S 
Energy Ut i l izat ion Index 10 
Bui ld ing Energy Management  Index 12 
Computer  Programs 13 
THE HOME HEATING INDEX AND RELATED QUANTITIES 14 
The Home Heat ing Index 14 
Predic t ing the HHI Us ing a Computer  Program 15 
Related Quant i t ies  21 
COMPARISON OF THE HHI  WITH OTHER INDICES 24 
Home Heat ing Index 24 
Thermal  In tegr i ty  Factor  26 
Solar  Heat ing Fract ion 27 
Solar  Sav ings Fract ion 29 
Common Solar  Fract ion 30 
Pass ive Heat ing Rat io  31 
Fract ional  Ut i l izat ion 33 
Other  Ind ices 34 
1 1  i  
Page 
MEASURING THE HHI  35 
Hodges Residence 36 
Py le  Residence 38 
Bremner  Residence 40 
Bui ld ings Moni tored Weekly  40 
Other  Moni tored Homes 44 
Univers i ty  V i l lage Student  Apar tments  45 
Schi l le t ter  V i l lage Student  Apar tments  51 
Student  Apar tments  HHP (Winter  1983-84)  57 
Compar ison Wi th  Resul ts  From Two Random Surveys 64 
EFFECTS OF WIND AND INSOLATION ON THE HHI  66 
Ef fects  of  Wind on the HHI 66 
Ef fects  of  Inso la t ion on the HHI 68 
PERFORMANCE OF SOLAR HOMES CALCULATED FROM DATA IN THE LITERATURE .  .  72 
Kelbaugh House 72 
Balcomb House 73 
Adjacent  Convent ional  House and Pass ive Solar  House 73 
Water-Wal1 House 75 
T ight ly  Sealed Houses 75 
Double Envelope House 77 
Poor  Solar  Homes 78 
S ix  Pass ive Solar  Homes in  Denver ,  Colorado 81 
CONCLUSIONS AND RECOMMENDATIONS 84 
BIBLIOGRAPHY 87 
ACKNOWLEDGMENTS 90 
APPENDIX:  HHI  COMPUTER PROGRAM 91 
1  
INTRODUCTION 
Wi th  l imi ted energy resources,  i t  is  impor tant  to  know the 
e f f ic ienc ies of  var ious energy-consuming dev ices,  and to  be ab le  to  
compare the e f f ic ienc ies of  s imi lar  dev ices.  For  example,  a  commonly  
used measure o f  e f f ic iency is  the mi les per  ga l lon ra t ing of  a car .  
There are a wide var ie ty  of  cars ,  and the mpg ra t ing of  any s ing le  car  
can be eas i ly  measured and compared wi th  that  o f  any o ther  car .  
A home,  for  many people,  requi res more energy than the i r  cars ,  yet  
occupants  have had no sca le  to  eas i ly  and accurate ly  measure the i r  
home's  e f f ic iency or  to  compare i t  wi th  other  homes.  The HHI  was 
developed for  these reasons,  and i t  is  the on ly  known index which 
sat is f ies  these requi rements.  
A l i te rature survey was carr ied out  to  determine which ind ices were 
current ly  in  use and the i r  character is t ics .  Qui te  a few ind ices were 
d iscovered,  but  they a l l  have ser ious f laws and were found to  De 
unsat is factory ;  some are def ined for  l imi ted c l imate reg ions,  some are 
too compl icated and d i f f icu l t  to  measure eas i ly ,  and o thers  are 
incons is tent  and vary  f rom month to  month.  
The HHI  has been carefu l ly  def ined to  avoid the problems 
encountered wi th  the other  ind ices.  Addi t ional ly ,  a  number  o f  re la ted 
quant i t ies  has been def ined to  prov ide greater  f lex ib i l i ty  in  cases when 
the HHI is  not  appropr ia te ,  as when the e f f ic iency of  the energy 
d is t r ibut ion system is  cons idered.  To make th ings eas ier  for  arch i tects  
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and const ruct ion companies,  a  computer  program has been wr i t ten to  
pred ic t  the HHI o f  a  bu i ld ing us ing in format ion f rom const ruct ion 
drawi  ngs.  
Once the computer  program was wr i t ten,  i t  was necessary to  
ca lcu la te  the HHI ,  as wel l  as each of  the other  ind ices,  for  an example 
house to  make sure the HHI rea l ly  was super ior .  A carefu l  compar ison 
d id  in  fact  reveal  the s t ronger  mer i ts  o f  the HHI as expected.  
A l though the HHI per formed wel l  theoret ica l ly ,  i t  was s t i l l  
necessary to  take measurements to  insure that  i t  worked wel l  in  rea l i ty .  
A number  o f  houses and apar tments  were moni tored dur ing the winter  o f  
1984-85 to  determine the shor test  t ime per iod requi red to  measure the 
HHI w i th  reasonable accuracy.  Var ia t ions in  the energy-ef f ic ienc ies of  
apar tment  un i ts  wi th in  the same bu i ld ing were s tud ied as wel l .  
Theoret ica l  HHI  va lues o f  some homes were compared to  the measured 
va lues,  and a compar ison was made wi th  resu l ts  of  two random surveys of  
homes in  cent ra l  Iowa.  A lso,  the HHI o f  d i f ferent  types of  houses were 
measured under  var ious weather  condi t ions,  and a s tudy was done to  
determine the e f fects  of  wind speed and inso la t ion on the HHI.  
F ina l ly ,  a  survey of  pass ive so lar  homes across the country  was 
under taken to  see i f  the i r  HHI va lues ind icated that  they rea l ly  were 
energy-ef f ic ient .  A l l  data for  these homes were gathered f rom publ ished 
ar t ic les.  A number  o f  d i f ferent  types of  pass ive so lar  homes were 
s tud ied,  inc lud ing some famous so lar  homes,  and a lmost  a l l  o f  them were 
found to  be energy-ef f ic ient .  
A DESCRIPTION OF VARIOUS ENERGY-EFFICIENCY INDICES 
There are many d i f ferent  ind ices which are c la imed to  accurate ly  
represent  the energy e f f ic iency of  bu i ld ings.  Many researchers s imply  
ra te  a bu i ld ing by the to ta l  purchased energy,  in  Btu,  per  year .  Others 
use the bu i ld ing heat  loss coef f ic ient  d iv ided by the f loor  area or  the 
to ta l  purchased energy per  square foot  per  degree-day (65°F base) .  
However ,  some ind ices,  such as the Normal ized Annual  Consumpt ion,  are 
more sophis t icated.  
Normal ized Annual  Consumpt ion 
Fe ls  and Goldberg (1984,  p .  439)  have def ined for  gas-heated homes 
a weather-ad justed conservat ion index,  r ,  cal led the Normal ized Annual  
Consumpt ion (NAC).  r  represents  the natura l  gas consumpt ion per  
household for  an average year ,  and is  a funct ion of  three parameters ;  a ,  
g ,  and T.  
a  represents  the base leve l  fue l  usage ( for  k i tchen ranges,  water  
heaters ,  or  o ther  gas-heat ing appl iances)  and is  independent  o f  the 
outs ide temperature.  J3 i s  the fue l  consumed per  degree drop in  outs ide 
temperature.  T is  the cutof f  temperature above which no heat ing fue l  is  
needed.  These three parameters  are found by a regress ion analys is  o f  
the fo l lowing equat ion:  
r -  = a + g WH^(T)  
where r^  is  the measured average da i ly  consumpt ion for  month i ,  and 
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WH^(T)  i s  a weighted average of  the heat ing degree days f rom base 
temperature T for  month i .  Gamma i s  then ca lcu la ted by 
r  = 365 a  +  / 3  H Q ( T )  
where is  the average annual  heat ing degree-days to  base T.  
Fe ls  and Goldberg determined r  us ing data f rom 900,000 gas heated 
households in  New Jersey,  and found that  i t  decreased 267.  f rom 1973 to  
1982.  48% o f  th is  decrease was a t t r ibuted to  a drop in  T o f  two degrees 
Cels ius.  Lower  va lues for  a  and g each cont r ibuted 26% to  the to ta l  
decrease^.  
A l though the uncer ta in ty  in  the changes in  a,  j3 ,  and r  was 30% to  
40%, the decrease in  t  was in terpreted to  resu l t  f rom lowered thermostat  
set t ings,  the change in  to  s t ructura l  re t ro f i ts  or  furnace e f f ic iency 
improvements,  and the drop in  a to  decreased gas appl iance usage or  
increased appl iance e f f ic iency.  
Thermal  In tegr i ty  Factor  
An index that  has been used for  a number  o f  years is  the Thermal  
In tegr i ty  Factor  (TIF)  (Wi l l iams et  a l . ,  1983,  p .  269) .  The TIF is  
def ined as the annual  thermal  cont r ibut ion of  a  house 's  heat ing system 
per  un i t  f loor  area per  degree day,  and is  ca lcu la ted as fo l lows:  
1)  Determine the Btu de l ivered to  the in ter ior  of  a  house by the 
heat ing system for  an ent i re  year .  
2)  Div ide by the to ta l  number  o f  Fahrenhei t  degree days,  based on 
65°F,  for  the ent i re  heat ing season.  
3)  Div ide the resu l t  o f  s tep 2)  by the f loor  area ( in  square feet ) .  
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Cal i forn ia  Point  System 
In  the Cal i forn ia  Point  System (Stee l ,  1983,  p .  567) ,  the s ta te  of  
Cal i forn ia  is  d iv ided up in to  16 c l imate reg ions.  For  each reg ion,  a  
l i s t  of  20 energy sav ings categor ies is  compi led wi th  hundreds o f  
opt ions.  The January 1982 vers ion of  the po in t  system ra tes the 
fo l lowing categor ies;  s lab per imeter  insu la t ion;  ra ised f loor  
insu la t ion;  ce i l ing insu la t ion;  wal l  insu la t ion;  s ing le ,  double,  or  
t r ip le  g lazed windows o f  vary ing area,  or ientat ion and shading;  s ing le ,  
double and t r ip le  g lazed sky l ights  wi th  vary ing area and shading;  south 
window roof  overhangs;  movable insu la t ion;  in f i l t ra t ion barr iers  wi th  an 
a i r - to-a i r  heat  exchanger ;  thermal  mass;  and heat ing and cool ing 
equipment  e f f ic iency inc lud ing opt ional  so lar  space and water  heat ing.  
Pos i t ive po in ts  are ass igned to  dev ices which save energy beyond a 
s tandard leve l ,  and negat ive po in ts  to  dev ices which are be low that  
leve l .  Each pos i t ive po in t  corresponds to  an annual  source energy 
sav ings,  compared to  the s tandard home,  o f  500 Btu per  square foot  o f  
f loor  area.  A home is  ra ted by adding up a l l  the po in ts ,  and the po in t  
to ta l  must  be greater  than or  equal  to  zero for  a new home to  meet  the 
bu i ld ing energy code requi rements.  
The accuracy o f  the po in t  system was tested by analyz ing the 
u t i l i ty  b i l ls  f rom 99 homes and compar ing the average annual  source 
energy for  space heat ing and cool ing wi th  the average po in t  system 
energy ca lcu la t ions.  The two averages were found to  be equal ,  a l though 
some ind iv idual  ident ica l  homes had up to  a factor  o f  two d i f ference in  
the i r  energy consumpt ion.  
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Heat ing Energy Index 
Don Schramm (1980,  p .  384) ,  f rom the Univers i ty  o f  Wisconsin,  uses 
a  Heat ing Energy Index (HEI)  to  measure the energy e f f ic iency of  h is  
home.  I t  is  ca lcu la ted as fo l lows:  
1)  Determine the to ta l  energy used for  heat ing dur ing an ent i re  
wi  n ter .  
2)  Div ide the to ta l  energy use by the to ta l  heated f loor  area.  
3)  Div ide the resu l t  o f  s tep 2)  by the to ta l  degree days for  the 
winter .  The f ina l  index has un i ts  o f  Btu/sq. f t . /dd.  
I t  is  not  c lear  i f  the e f f ic iency of  the heater  is  cons idered,  i f  
on ly  the heat  de l ivered to  the in ter ior  of  the house is  measured,  or  i f  
the to ta l  metered fue l  i s  counted.  A lso,  the base temperature for  
ca lcu la t ing the degree days was not  ment ioned in  Schramm's ar t ic le .  
Pass ive Heat ing Rat io  
The Nat ional  Bureau of  Standards (McKinst ry  e t  a l . ,  1980,  p .  346)  
cons iders  the Pass ive Heat ing Rat io  (PHR) to  be a pr imary per formance 
factor  for  bu i ld ings.  The PHR is  that  f ract ion of  a bu i ld ing 's  heat  
load which is  at t r ibuted to  pass ive so lar  heat ing,  and is  found by the 
fo l lowing set  o f  equat ions;  
^ '  ^ 1  O S S  ~  L ( T -  -  T Q )  
where Qiqss = gross heat  loss f rom the l iv ing zone due to  a i r  
in f i l t ra t ion and heat  t ransmiss ion through the 
envelope.  (The l iv ing zone is  def ined as the 
spaces wi th  temperatures a lways wi th in  5C° o f  
condi t ioned space temperatures.1 
L = overa l l  loss coef f ic ient  in  the absence o f  sunl ight  
T-  =  l i v ing zone temperature 
T Q  = outs ide a i r  temperature 
^^  Gpash ~ ^hoss "  ^auxh ~ '^ in t  
where Op^sn ~ pass ive so lar  heat ing de l ivered to  the l iv ing zone 
^auxh "  aux i l ia ry  heat ing de l ivered to  the l iv ing zone 
O-^ t  -  in terna l  heat  ga ins de l ivered to  the l iv ing zone 
3)  PHR =  Qpash^^ loss 
Other  pr imary per formance factors  used by the Nat ional  Bureau of  
Standards are the fue l  sav ings due to  the pass ive system, to ta l  
purchased space heat ing and cool ing energy,  and the thermal  s torage 
e lement  e f f ic iency.  
Energy Rat io  
Bai ley (1982,  p .  599)  has def ined an Energy Rat io  (ER) to  determine 
the amount  o f  energy re turned for  each un i t  o f  energy requi red to  
const ruct  the so lar  energy system of  a  house.  
ER =  (usable de l ivered energy) / (d i rect  and ind i rect  energy 
used to  const ruct  and operate the energy system) 
Ind i rect  energy requi red to  operate an e lect r ic  heat  pump system, for  
example,  inc ludes the energy to  mine the coal  for  a power  p lant ,  p lus 
the energy requi red to  sh ip  the coal  to  the p lant ,  and a lso the power  
consumed by the p lant  and t ransmiss ion losses in  the d is t r ibut ion of  
e lect r ic i ty  to  the heat  pump.  
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Solar  Fract ions 
There are many d i f ferent  ind ices,  ca l led Solar  Fract ions (SF) ,  
which are based on the so lar  heat  input  in to  a home.  Most  authors  use 
one o f  two genera l  methods to  ca lcu la te  a SF.  
SF =  Qsaved 'Oreference load (addi t ive method]  
2 .  SF =  1  -  Qg,yx- i^gry /Oreference load (subt ract ive method)  
^saved '  ' ^ re ference load '  ' ^aux i l ia ry  ^ determined d i f ferent ly  
by a lmost  every  author .  Palmi ter  and Hami l ton (1979,  p .  318)  have 
ca lcu la ted s ix  d i f ferent  Solar  Fract ions for  a d i rect  ga in  bu i ld ing and 
found a f ive- to-one ra t io  in  the amount  o f  heat  saved between the two 
most  ext reme est imates.  
An ar t ic le  by Abrams (1981,  p .  343)  ment ions severa l  ind ices in  
use:  Solar  Heat ing Fract ion (SHF),  Solar  Sav ings Fract ion (SSF),  and 
Relat ive Solar  Savings Fract ion (RSSF).  
SHF =  (Net  so lar  cont r ibut ion) / (Actua l  net  load)  
SSF = (Solar  sav ings) / (Reference net  load)  
The actua l  net  load is  the heat ing load of  a  s imi lar  bu i ld ing wi th  
the so lar  aper ture rep laced by an ad iabat ic  wal l  that  ne i ther  loses nor  
ga ins heat .  The re ference net  load is  ca lcu la ted s imi lar ly ,  except  that  
the pu i la ing is  assumea to  be he ld  a t  a  constant  re ference temperature.  
RSSF = (Qgux "  ^  aux^^^aux 
where = aux i l ia ry  heat ing load by a bu i ld ing wi th  evenly  
spaced windows around i ts  per imeter .  
Q'aux "  aux i l ia ry  heat ing load by a sun- tempered bu i ld ing 
wi th  most  o f  i ts  windows fac ing south.  
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Abrams then def ines the Common Solar  Fract ion (CSF) to  be:  
CSF =  (Gross so lar  cont r ibut ion) / (Gross load)  
The CSF may be ca lcu la ted us ing the SSF by the fo l lowing re la t ion:  
CSF = 1  -  ( l -SSF)/ ( l+24Up /LCR) 
where LCR =  load co l lec tor  ra t io  in  Btu/DD 
Up = s teady-s tate U-va lue of  pass ive e lement  in  
Btu/ (hr ) (deg F)(sq.  f t . )  
Balcomb (1983,  p .  6)  def ines SSF as:  
SSF =  1  -  (aux i l ia ry  heat ) / (net  re ference load)  
where the net  re ference load is  the bu i ld ing load coef f ic ient  (BLC) 
mul t ip l ied by the number  o f  degree days (DD) and is  based on a constant  
indoor  re ference temperature,  normal ly  65°F.  The aux i l ia ry  heat  
requi rement  can be eas i ly  ca lcu la ted us ing SSF:  
aux i l ia ry  heat  = (1  -  SSF)*BLC*OD 
Note that  a  bu i ld ing wi th  a h igh SSF would have low heat ing 
requi rements,  but  would be expensive to  bu i ld .  On the other  hand,  a 
bu i ld ing wi th  a low SSF would have h igh heat ing requi rements,  but  would 
be cheaper  to  bu i ld .  An opt imum SSF is  achieved when a sat is factory  
ba lance is  reached between the two costs .  The recommended SSF var ies 
f rom 0.1 in  nor thern Minnesota to  0.8 in  the southwestern Uni ted States.  
Balcomb's  Solar  Load Rat io  and Solar  Heat ing Fract ion are d iscussed 
1ater .  
Kohler ,  Michal ,  Su l l ivan,  and Lewis  (1979,  p .  415)  use Fract ional  
Ut i l izat ion (FU) as an ind icator  o f  an e f f ic ient  so lar  des ign:  
FU = ( load -  aux i l ia ry) / ( inc ident  so lar )  
1 0  
The load is  the product  o f  the overa l l  heat  t ransfer  coef f ic ient  of  
the bu i ld ing and the d i f ference between ins ide and outs ide temperatures.  
Aux i l ia ry  is  the space heat ing energy consumpt ion per  day,  and inc ident  
so lar  is  the to ta l  inc ident  so lar  rad ia t ion for  one day.  
Energy Ut i l izat ion Index 
Monts and B l isset t  (1982,  p .  861)  have publ ished an ar t ic le  on the 
Energy Ut i l izat ion Index (EUI) .  The EUI  i s  a funct ion of  c l imate;  
heat ing,  vent i la t ion,  and a i r  condi t ion ing system des ign;  indoor  des ign 
temperature,  occupancy pat terns,  bu i ld ing envelope thermal  in tegr i ty ,  
and bu i ld ing use.  I t  expresses the to ta l  energy (e lect r ic i ty ,  natura l  
gas,  fue l  o i l ,  propane,  purchased s team, purchased ch i l led water ,  e tc . )  
used by a bu i ld ing in  a g iven per iod in  terms o f  Btu per  gross 
condi t ioned squarefoot .  A l inear  regress ion analys is  o f  the fo l lowing 
equat ion is  per formed to  f ind the EUI :  
EUI  =  Bq + Bj*HDD + BgSCDD + BjtDAYOCP + B^sYRRND + 
BgfOAYLONG + Bg*OXWU + Bj*EC + BgfPAFC + Bg*SDSZ + 
B J Q *TR + B} i *DD + Bi2*MZ + Bjg^SSP + Bj^+UCO + Bj j^UD 
+ B^g*USP 
where Bq = zero- in tercept  
B j  thru Bjg = regress ion coef f ic ients  
HDD =  heat ing degree days 
CDD =  cool ing degree days 
DAYOCP = number  o f  day occupants  Monday through Fr iday 
1 1  
YRRND = one i f  the bu i ld ing operates a l l  year  long and zero i f  i t  
does not  
DAYLONG = one i f  the bu i ld ing operates 24 hours per  day and zero 
i f  i t  does not  
(The remain ing var iab les s imi lar ly  take on va lues o f  e i ther  zero 
or  one. )  
DXWU = Di rect  Expansion window un i ts  var iab le  
EC = Evaporat ive Coolers  var iab le  
PAFC =  Pr imary-Ai r -Fan-Coi1 var iab le  
SDSZ = Sing le-Duct -S ing le-Zone var iab le  
TR = Terminal -Reheat  var iab le  
DD = Dual -Duct  var iab le  
MZ =  Mul t izone var iab le  » 
SSP = School  Specia l  Purpose bu i ld ing var iab le  
UCO = Univers i ty  Classroom and Of f ice var iab le  
UD = Univers i ty  Dormi tory  Var iab le  
USP = Univers i ty  Specia l  Purpose var iab le  
Data f rom 342 Texas school  and un ivers i ty  bu i ld ings were used to  f ind 
the regress ion coef f ic ients ,  y ie ld ing the fo l lowing resu l t :  
EUI  =  -558391 + 122.52*HDD + 179.36*CDD -  13.71*DAY0CP -  1359*YRRND 
+ 76469*DAYL0NG + 40564*DXWU -  27581*EC + 124005*PAFC 
-  11400*SDSZ + 203193*TR + 36208*DD + 78641*MZ + 93232*SSP 
+ 99805*UC0 + 65722*UD + 286066*USP 
Only  42% o f  the var ia t ion in  the EUI  was accounted for ,  as the 
corre la t ion coef f ic ient  was 0 .42.  A lso,  Monts  and B l isset t  were unable 
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to  expla in  the negat ive coef f ic ients  on the Number o f  Occupants  and 
Year-Round Operat ing Schedule var iab les,  as both should increase a 
bu i ld ing 's  energy requi rements.  
Bui ld ing Energy Management  Index 
The Bui ld ing Energy Management  Index (BEMH (Zeimet ,  1984,  p .349)  
is  ca lcu la ted as fo l lows:  
1)  Determine the average energy,  in  Btu,  consumed per  day for  one 
month.  
2)  Calcu la te  the average number  o f  man-hours o f  occupancy per  day 
for  one month.  
3)  F ind the to ta l  square footage of  the bu i ld ing.  
4)  Determine the " re la t ive temperature"  by adding 40°F to  the 
average month ly  temperature.  
5)  The Bui ld ing Energy Character is t ic  (BEC) i s  s tep 1)  d iv ided by 
the product  o f  s tep 3)  and s tep 4) .  
6)  The Bui ld ing Funct ion Character is t ic  (BFC) is  s tep 2)  d iv ided oy 
the product  o f  s tep 3)  and s tep 4) .  
7)  Calcu la te  the EEC and BFC for  the remain ing 11 months o f  the 
year  and p lo t  BEC vs .  BFC on a graph.  
8)  The BEMI i s  the least -squares f i t  l ine through the po in ts .  
Lower  energy consumpt ion would decrease the magni tude o f  the BEMI 's  
s lope,  whi le  the y- in tercept  would remain the same or  decrease.  
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Computer  Programs 
Computer  programs have been used extens ive ly  to  model  the energy 
requi rements o f  bu i ld ings.  The complex i ty  o f  these programs vary  f rom 
s imple programmable ca lcu la tor  s imulat ions to  ext remely  sophis t icated 
computer  models  which incorporate such deta i ls  as wal l  co lors  and the 
locat ion of  furn i ture in  a room. Of  course,  i t  takes much longer  to  
input  a l l  the in format ion in to  the more compl icated models ,  and a lso 
more t ime for  the computer  to  do the ca lcu la t ions.  
Gadgi l ,  Goldste in ,  Kammerud,  and Mass (1979,  p .  187)  f rom Lawrence 
Berke ley Laboratory  have compared four  popular  computer  programs which 
ca lcu la te  both heat ing and cool ing loads:  DOE- l /DOE-2,  NBSLD, BLAST-2,  
and TWOZONE. The programs s imulate in terna l  heat  s torage and in terna l  
rad ia t ive and convect ive heat  t ransfers  for  user-def ined bu i ld ing 
envelopes and g laz ing systems.  Each o f  the four  programs assumes room 
a i r  is  homogeneous and o f  un i form temperature.  They a lso cons ider  that  
the energy absorbed f rom sunl ight  is  d is t r ibuted uni formly  over  the 
ent i re  f loor .  
I t  was found that  the programs were in  good agreement  for  houses 
wi th  smal l  so lar  ga ins,  compared to  the to ta l  heat ing load,  but  d iverged 
f rom one another  for  houses in  which so lar  e f fects  were large.  The 
d isagreement  was reduced to  less than 57.  when so lar  ga in  was e l iminated,  
even for  sunny weather .  D iscrepancies were a t t r ibuted to  d i f ferent  
models  o f  in terna l  heat  t ransfer  used by the programs.  
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THE HOME HEATING INDEX AND RELATED QUANTITIES 
The Home Heat ing Index 
The Home Heat ing Index (HHI)  has been developed by the Iowa State 
Univers i ty  Extens ion Serv ice (Hodges,  1984b,  p .  172)  to  express the 
energy e f f ic iency of  a  home by a s ing le  number .  Var ious components  o f  a 
home have measures which represent  the i r  e f f ic iency,  such as the Annual  
Fuel  Ut i l izat ion Ef f ic iency for  natura l  gas furnaces or  the Energy 
Ef f ic iency Rat io  for  a i r  condi t ioners.  The need for  an index that  
represents  the e f f ic iency of  an ent i re  house and that  remains constant ,  
independent  o f  the l iv ing pat terns o f  the occupants ,  f rom month to  month 
dur ing the winter ,  mot ivated the development  o f  the HHI .  
I t  is  poss ib le  to  ca lcu la te  the HHI us ing u t i l i ty  b i l l  in format ion 
or  est imate i t  f rom const ruct ion drawings.  In  e i ther  case,  the HHI may 
be found as fo l lows:  
1 .  Determine the to ta l  amount  o f  energy de l ivered to  the in ter ior  
of  the home f rom December  1  through February 28 to  mainta in  i t  at  an 
average temperature T- .  I f  u t i l i ty  b i l ls  are used,  then ef f ic ienc ies of  
gas furnaces,  s toves,  hot  water  heaters ,  e tc .  must  be cons idered as on ly  
the heat  that  enters  the home should be counted.  
2 .  Div ide by the to ta l  number  o f  degree-days to  base temperature T-
over  the same t ime per iod.  Th is  resu l t  is  the Home Heat ing Requi rement  
C HHR ) .  
3 .  Div ide by the in ter ior  area o f  the home.  Th is  resu l t  is  the 
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HHI,  w i th  un i ts  o f  Btu/F°-day- f t^ .  The HHI  may be ca lcu la ted in  the mks 
system of  un i ts  us ing 1 Btu/F°-day- f t^  = 0.237 W/C°-m^ as a convers ion 
factor .  Outs ide wal ls  are not  inc luded nor  are crawl  spaces or  o ther  
areas which are not  normal ly  access ib le .  Addi t ional ly ,  the f loor  area 
of  any unheated rooms kept  be low 50°F is  not  counted.  The area used in  
ca lcu la t ing the HHI must  be the same area for  which the average 
temperature T^ is  determined.  
Determin ing the to ta l  energy de l ivered to  the in ter ior  is  fa i r ly  
easy for  most  homes i f  the on ly  sources of  energy are prov ided by 
u t i l i t ies .  There are uncer ta in t ies  as to  furnace e f f ic ienc ies and heat  
los t  up the f lue.  I t  is  a lso d i f f icu l t  to  know the heat  los t  down the 
dra in  wi th  water  or  the heat  cont r ibut ion f rom human metabol ism.  
For tunate ly ,  these las t  two i tems are opposi te  in  s ign and approx imate ly  
equal  in  magni tude,  and are therefore not  cons idered.  
Other  sources o f  energy exc luded are the so lar  energy co l lec ted by 
a pass ive so lar  system or  a roof - top act ive so lar  co l lec tor .  A lso,  
so lar  e lect r ic i ty  f rom a photovol ta ic  ar ray mounted on the house is  not  
inc luded.  Only  energy sources brought  in to  the home f rom the outs ide 
are counted and not  those co l lec ted by the home i tse l f .  
Predic t ing the HHI Us ing a Computer  Program 
Calcu la t ing the to ta l  heat  energy input  to  mainta in  the house a t  an 
overa l l  average temperature throughout  the winter  f rom const ruct ion 
drawings is  more invo lved than us ing u t i l i ty  b i l l  in format ion.  A 
computer  program, wr i t ten in  BASIC to  run on an IBM PC, l i s ted in  the 
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appendix ,  w i l l  ca lcu la te  the HHI o f  a  bu i ld ing g iven var ious inputs  
about  the bu i ld ing and weather  condi t ions.  
The f i rs t  s tep the computer  program does is  to  ca lcu la te  the 
bu i ld ing heat  loss coef f ic ient .  Th is  ca lcu la t ion is  per formed by 
summing the heat  loss of  each component  o f  the bu i ld ing,  such as wal ls ,  
ce i l ing,  windows,  e tc .  and adding the heat  loss due to  a i r  in f i l t ra t ion.  
For  example,  the heat  loss of  a  wal l ,  in  Btu per  degree-day,  would be 
i ts  area in  square feet  mul t ip l ied by 24 hours and then d iv ided by i ts  
R-va lue.  For  underground wal ls ,  on ly  the f i rs t  three feet  be low ground 
leve l  are cons idered in  f ind ing an average heat  loss for  the to ta l  wal l .  
A i r  in f i l t ra t ion is  genera l ly  the largest  s ing le  source o f  heat  loss and 
is  found by mul t ip ly ing the heat  capaci ty  o f  a i r  (0 .018 in  the Br i t ish 
system of  un i ts)  by the a i r  changes per  hour  by the vo lume o f  the house 
by 24 hours.  
The next  s tep is  to  ca lcu la te  the gross heat  loss for  each o f  the 
three winter  months:  December ,  January,  and February.  Th is  resu l t  is  
obta ined by mul t ip ly ing the bu i ld ing heat  loss coef f ic ient  found in  the 
f i rs t  s tep by the month ly  degree-days (genera l ly  to  base 65°F) .  
One o f  the more compl icated s teps is  f ind ing the so lar  heat  input ;  
i t  is  est imated as fo l lows:  
1 .  The so lar  dec l inat ion,  D,  is  the angle f rom the ce lest ia l  
equator  to  the sun 's  pos i t ion;  i t  var ies f rom -23.45°  a t  the December  
so ls t ice to  23.45°  a t  the June so ls t ice.  I t  is  g iven by the fo l lowing 
equat ion:  
s in  D = 0 .3979 s in(360°(284 + N) /365)  
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where N is  the day o f  the year .  
2 .  Hg is  the sunset  hour  angle and is  measured westward f rom due 
south (so lar  noon) ,  15°  each hour .  For  example,  sunset  a t  4 :00 PM so lar  
t ime corresponds to  = 60° .  The equat ion for  Hg g iven the so lar  
dec l inat ion,  D,  on a par t icu lar  day is  
cos Hg = - tan D tan L 
where L  is  the la t i tude (Ames = 42.0°) .  
3 .  I Q  i s  the to ta l  da i ly  so lar  rad ia t ion on a hor izonta l  sur face 
above the ear th 's  atmosphere and is  g iven by.  
Ig  = (24hours/Tr) l3^( l  +  0.033cos(360°N/365 }  ) *  
(cos L cos D s in  Hg + (2%Hg/360)(s in  L s in  D))  
where is  the so lar  constant  which is  the so lar  rad ia t ion on a 
p lane perpendicu lar  to  the sun 's  rays above Ear th 's  atmosphere.  In  the 
Br i t ish system of  un i ts  Ig^  is  429 Btu/ f t^ -hour ,  and in  other  un i ts  i t  
is  1353 W/m^ = 4871 kJ/m^-hour  =  1.94 1angleys/minute = 
116.4 langleys/hour .  
4 .  Rj j  i s  the ra t io  of  da i ly  beam rad ia t ion on a  t i l ted sur face to  
that  on a hor izonta l  sur face and is  g iven by:  
=  (cos s  s in  D s in  L) ( (Hgg -  Hgp)Tr / iaO) 
-  (s in  D cos L s in  s cos G)( (Hgg -  Hgp)Tr /180)  
+  (cos D cos L cos s) (s in  Hgg -  s in  Hgp)  
+  (cos D cos G s in  L s in  s) (s in  Hgg -  s in  Hg^)  
-  (cos D s in  s  s in  G)(cos Hgg -  cos Hg^)) /  
2 ( C 0 S  L cos D s in  Hg + ( ï ïHg/180)s in  L s in  D)  
where G is  the az imuthal  angle o f  the sur face (due south = 0°) ,  
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Hgp is  the sunr ise hour  angle on the sur face,  
Hgg is  the sunset  hour  angle on the sur face,  
s  is  the t i l t  angle of  the sur face,  measured f rom the 
hor izonta l .  
For  G>0:  
=  -min(Hg,arcos((AB + (A^ -  8% + + 1) ) )  
H35 = min(Hs,arcos((AB -  (A^ -  8% + l ) l /2) / (A2 + 1) ) )  
For  G<0:  
Hgp = -minCHg.arcosC (AB -  (A^ -  B? + + 1) ) )  
H33 = minCHg.arcosC(AB + (A^ -  8% + l ) l /2) / (A2 + 1) ) )  
where 
A =  (cos L) / (s in  G tan s)  + (s in  L) / ( tan G) 
B =  ( tan D cos L) / ( tan G) -  (s in  L) / (s in  G tan s)  
5 .  R i s  the ra t io  of  inso la t ion ( inc ident  so lar  rad ia t ion)  on a 
t i l ted sur face to  that  on a  hor izonta l  sur face.  I t  can be modeled by 
the equat ion:  
R = (1 -  ( Iq /DJR q + ( Ip /Dd + cos s) /2  + (1  -  cos s) r /2  
where is  the da i ly  d i f fuse so lar  rad ia t ion on a t i l ted sur face,  
r  is  the ground re f lec tance ( r  = 0 .7  when there is  one inch 
or  more o f  snow on the ground and 0 .2  when there is  no snow).  
I  is  the to ta l  da i ly  so lar  rad ia t ion on a hor izonta l  sur face 
(a  measured quant i ty ) .  
Iq  can be approx imated (L iu  and Jordan,  1960,  p .  1)  by the 
equat ion:  
Ip / I  = 1.39 -  4.03K-P + 5 .53(Ky)2 -  3.11(Kj )^  
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where K j  is  the c learness index:  
Kj - I / I Q  
6.  I j  is  the to ta l  rad ia t ion on a sur face of  arb i t rary  t i l t  and 
or ientat ion.  I j  is  then 
I j  = RI  = RKylg 
7 .  F ina l ly ,  the month ly  so lar  heat  input  for  one window is  found by 
mul t ip ly ing I j  by the c lear  area of  the window,  by the number  o f  days in  
the month,  and by the average t ransmi t tance of  the g lass.  Th is  process 
must  be repeated for  each window.  
Balcomb's  Solar  Load Rat io  (SLR) method (Balcomb e t  a l . ,  1982,  
p .  67)  is  used to  est imate the aux i l ia ry  heat  input .  SLR is  the so lar  
heat  input  d iv ided by the gross heat  loss.  The Solar  Heat ing Fract ion 
(SHF) i s  a funct ion of  the SLR and is  g iven by:  
when SLR/( f  +  G/BHLC) > R 
SHF =  1 -  f ( l  -  B + C exp(-D(SLR)/ ( l  -  f  + G/BHLC))* ( !  +  GAp/BHLC})  
when SLR/( f  +  G/BHLC) < R 
SHF = 1  -  f ( ( l  -  A(SLR) / ( f  +  G/BHLC))(1 + GAp/BHLC) 
where A,  B,  C,  D,  G,  and P are l is ted in  Table 1 
(Balcomb e t  a l . ,  1982,  p .  67)  for  var ious types of  d i rect  ga in  
systems,  A1 through C3.  The d i rect  ga in  systems are descr ibed in  
Table 2 (Balcomb e t  a l . ,  1982,  p .  67) .  Ap is  the area of  the so lar  
aper ture mul t ip l ied by the s ine of  the t i l t  angle as measured f rom 
the hor izonta l .  
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Table 1.  Coef f ic ients for  var ious d i rect  gain systems 
System A B C D R G 
A1 0 .5650 1 .0090 1.0440 0 .7175 0 .3931 9 .36 
A2 0 .5906 1 .0060 1.0650 0 .8099 0 .4681 5 .28 
A3 0,  .5442 0 .9715 1.1300 0,  .9273 0,  .7086 2 .64 
B1 0,  .5739 0 .9948 1.2510 1,  .0610 0 .7905 9 .60 
B2 0,  .6180 1 , .0000 1.2760 1.  ,1560 0.  .7528 5.  .52 
83 0,  ,5601 0,  .9839 1.3520 1,  ,1510 0.  ,8879 2,  .38 
CI 0.  ,6344 0,  .9887 1.5270 1 .  ,4380 0.  ,8632 9,  ,60 
C2 0.  6763 0.  9994 1.4000 1 .  3940 0.  7604 5.  28 
C3 0.  6182 0.  9859 1.5660 1 .  4370 0.  8990 2.  40 
f  = (BHLC -  AHLO/SHLC 
where BHLC is  the bui ld ing heat  loss coef f ic ient  and AHLC is  
the solar  aperture heat  loss coef f ic ient .  
The usefu l  so lar  heat  is  SHF mul t ip l ied by the gross heat  loss.  And 
f ina l ly ,  the auxi l iary heat  needed is  the gross heat  loss minus the 
usefu l  so lar  heat .  
The above process is  repeated for  each winter  month to  obta in the 
tota l  auxi l iary heat .  Then,  the HHP is  the tota l  auxi l iary heat  d iv ided 
by the tota l  degree-days,  and as before,  the HHI is  the HHP d iv ided by 
the f loor  area.  
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Table 2.  Character is t ics of  the d i rect  gain systems l is ted in Table 1 
Thermal  Nomi nal  
Mass- to- Storage Mass 
Glazing- No. o f  Night  Capaci ty  Thickness 
System Area Rat io Glazings I  nsulat  ion (Btu/ f tZpOja ( in . )  
A1 5 2 no 30 2 
A2 6 3 no 30 2 
A3 6 2 yes 30 2 
B1 3 2 no 45 6 
B2 3 3 no 45 5 
B3 3 2 yes 45 6 
CI  6 2 no 60 4 
C2 6 3 no 60 4 
C3 6 2 yes 60 4 
^  The square- footage is  the south g laz ing area.  
Related Quant i t ies 
There are a number of  quant i t ies re lated to the HHI,  such as the 
Home Heat ing Requirement,  which are a lso designated by a ser ies of  three 
words (Hodges,  1984b,  p .  172).  The f i rs t  word is  e i ther  End-use,  
Pr imary,  or  Home. The middle word is  e i ther  Heat ing,  Cool ing,  or  
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Energy,  and the last  word is  Requirement,  Consumpt ion,  Index,  or  Factor .  
These terms are def ined as fo l lows:  
"End-use" quant i t ies inc lude a l l  energy sources del ivered to the 
home wi thout  consider ing ef f ic iency factors.  
"Pr imary"  quant i t ies inc lude more than End-use quant i t ies by 
addi t ional ly  count ing t ransmission losses en route to the home, 
generat ing losses at  power p lants,  t ransportat ion of  fuel ,  etc.  
For Ames,  the est imated convers ion factors are 110,000 Btu/CCF and 
— 11,000 Btu/kWh. 
"Home" quant i t ies count  a l l  energy sources del ivered to the 
in ter ior  of  the home, as def ined ear l ier ,  and thus ef f ic iency 
factors are inc luded.  
"Heat ing" quant i t ies refer  to space heat ing dur ing December,  
January,  and February.  
"Cool ing"  quant i t ies refer  to summer space cool ing,  but  as yet  have 
not  been precisely def ined.  
"Energy" quant i t ies are a lso undef ined but  refer  to year-round 
energy use.  
"Requirement"  quant i t ies have uni ts  of  Btu/F°-day or  W/C° wi th the 
temperature d i f ferences based on the home's average indoor 
temperature.  
"Consumpt ion" quant i t ies a lso have uni ts  of  Btu/F°-day or  W/C°,  but  
the degree-days or  C°-s are based on 65°F = 18.3 °C.  
" Index" quant i t ies are Requirement quant i t ies d iv ided by the heated 
f loor  area and thus have uni ts  of  Btu/F°-day- f t^  or  W/C°-m^.  
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"Factor"  quant i t ies are Consumpt ion quant i t ies d iv ided by the 
heated f loor  area and a lso have uni ts  of  Btu/F°-day- f t^  or  
W/C°-m^.  
Addi t ional ly ,  per-capi ta quant i t ies can be generated by d iv id ing 
each Requirement or  Consumpt ion by the number of  people in  the 
household.  A per-capi ta Index or  Factor  does not  seem to be meaningfu l .  
In  compar ing the var ious quant i t ies,  i t  is  interest ing to note the 
ways each one can be lowered for  a g iven house.  As the Home quant i t ies 
are independent  of  the ef f ic iency of  the heat ing system, the only way to  
lower them is  to make improvements on the house i tse l f ,  such as adding 
more insulat ion.  
End-use quant i t ies may be lowered by house improvements or  
increasing the ef f ic iency of  the heat ing system. In  gas heated homes,  
an End-use quant i ty  may actual ly  increase i f  an inef f ic ient  e lectr ic  
appl iance is  replaced by a more e f f ic ient  one.  The gas furnace wi l l  
have to  burn more gas to  make up for  the decrease in  heat  generated by 
the e lectr ic  appl iance.  As a resul t ,  the End-use quant i ty  wi l l  
increase,  s ince the gas furnace has a f i rs t - law ef f ic iency less than 
e lectr ic  res is tance heat ing.  
Pr imary quant i t ies are more meaningfu l  as they wi l l  be lowered by 
increasing the ef f ic iency of  e i ther  the heat ing system or  appl iances.  
Also,  home improvements and lower t ransmission losses,  etc.  wi l l  
decrease Pr imary quant i t ies.  And of  course,  a l l  Consumpt ion quant i t ies 
can be decreased by lower thermostat  set t ings.  
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COMPARISON OF THE HHI WITH OTHER INDICES 
In order to compare the HHI wi th other  indices,  i t  is  necessary to 
calculate each index for  an example house,  and then change var ious 
parameters and see what  happens.  Consider  a house wi th the fo l lowing 
character i  s t ies :  
1.  Two levels,  each wi th dimensions 40 f t .  by 28 f t .  by 8 f t .  h igh.  
The bot tom level  is  underground except  for  the upper 2 f t .  
2.  30 f t^  of  double-pane windows on each s ide.  
3.  The upper level  wal ls  are insulated to R-20,  basement wal ls  to 
R-15,  the roof  to  R-30,  and windows to R-1.8.  
4.  The a i r  in f i l t rat ion rate is  one a i r  change per  hour.  
Home Heat ing Index 
The above house has a HHI of  5.2 Btu/DD-f t^  (1.2 W/C°-m^) assuming 
weather condi t ions for  an average winter  in  centra l  Iowa.  The HHI of  
th is  example house is  given under var ious condi t ions in  Table 3 for  each 
month f rom October through Apr i l .  Average indoor temperatures are 
changed f rom 60°F to  70°F,  assuming no in ternal  heat  gains.  Next ,  the 
in ternal  heat  gain is  var ied f rom 50,000 Btu/day to 150,000 Btu/day wi th 
the average indoor temperature kept  at  65°F.  In  the last  three rows,  
the area of  the south- fac ing windows is  changed;  for  each of  these last  
three cases,  the average indoor temperature is  65°F,  and the in ternal  
heat  gain is  50,000 Btu/day.  
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Table 3.  Home Heat ing Index in  Btu/DD-f t^  of  example house 
Character is t ic  Oct .  Nov.  Dec.  Jan.  Feb.  Mar.  Apr.  
T=60°F 2 .6  4 .9 5.2 5 .  1 4 .9  4 .  4 3 .2  
T=65°F 3 .6  5 .0  5.3 5 .2  5 .0  4 .  6 3 .9  
T=70°F 4 .2 5 .2 5.3 5 .2  5 .  1 4 .8  4 .3 
1=50000 Btu/d 3,  .7  5 .0 5.3 5 .2  5,  .0  4.  6  3 .9  
1=100000 Btu/d 4.  1 5,  .0  5.2 5,  .  1 5.  0 4.  6 4 , .  1 
1=150000 Btu/d 5,  .4  4 .  9 5.2 5 , .  1 4.  9 4 ,  6  4 , .5  
A=0 f t^  4.  2 5.  ,2 5.2 5.  2  5.  1 4.  8 4 .  ,2 
A=60 f t?  3.  3 4 .  8 5.2 5.  0 4.  8 4 .  4 3.  ,7 
A=120 f t^  2.  9 4.  5 5 .0 4 .  8 4.  6 4.  1 3.  4 
In  the f i rs t  s ix  rows the actual  s t ructure of  the house remains 
unchanged.  Not ice that  the HHI is  re lat ive ly  constant  for  the winter  
months of  December through February,  vary ing f rom 4.9 to 5.3 at  the 
extremes.  When the st ructure of  the house is  changed s l ight ly  in  the 
last  three rows,  the HHI has a low of  4.6 and a h igh of  5.2 dur ing the 
winter  months.  
Another charater is t ic  of  the HHI for  th is  example house is  that  i t  
decreases in  the fa l l  and spr ing before increasing to in f in i ty  dur ing 
the summer months when there are no heat ing degree-days.  The solar  heat  
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input  reaches a minimum in  DecemDer and then increases for  a house,  such 
as th is  one,  wi th equal  window areas on a l l  four  s ides.  Since the solar  
heat  input  is  at  a minimum in December,  the auxi l iary heat ing load is  at  
a maximum, causing the HHI to  reach a peak.  For  houses wi th a l l  thei r  
windows on the south s ide,  the dai ly  insolat ion reaches a maximum in  
February.  The HHI o f  such a house would increase s lowly in  the fa l l  and 
spr ing before going rapid ly  to in f in i ty  dur ing the summer months.  The 
HHI decreases to zero in  the summer months,  however,  when the internal  
heat  gains are assumed to be zero.  
Thermal  In tegr i ty  Factor  
Table 4 l is ts  the Thermal  In tegr i ty  Factor  under the same 
condi t ions as the HHI.  The two indices are ident ica l  for  the case when 
the average indoor temperature is  65°F,  and the in ternal  gains are 
assumed to be zero.  However,  for  the range of  indoor temperatures and 
in ternal  gains considered here,  the TIF var ies by near ly  a factor  of  
two,  f rom 3.3 to 6.0,  dur ing the winter  months when no changes are made 
to  the house s t ructure.  As wi th the HHI,  the TIF reaches a peak in  
December for  reasons descr ibed above.  The TIF decreases to zero when 
auxi l iary heat ing is  no longer required as is  the case for  October when 
the in ternal  heat  gain is  150,000 Btu/day.  
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Table 4.  Thermal  In tegr i ty  Factor  of  example house 
Character is t ic  Oct .  Nov.  Dec.  Jan.  Feb.  Mar.  Apr.  
T=60°F 1 .5 4 .0 4 .5 4.5 4 .3 3 .7  2 .2 
T=65°F 3.6 5 .0  5 .3  5.2 5 .0  4 .  6 3 .9  
T=70°F 5.8 6 .1 6 .0 5.8 5 .7 5 .6  5 .5  
1=50000 Btu/d 1 .9 4 .2 4 .7 4.7 4 .4 3 .9  2 .5 
1=100000 Btu/d 0.5 3.  ,4  4,  .  1  4.2 3,  .9  3.  2 1 .2 
1=150000 Btu/d 0.0 2.  .6 3,  ,5 3.6 3,  ,3 2 .  4  0,  .2 
A=0 f tZ 2.4 4,  ,4 4.  ,7 4.7 4.  ,6 4.  , 1  2 ,  8  
A=60 f tZ 1 .5 4.  0 4.  6 4.5 4.  3 3.  7 2 .  3 
A=120 f t2  1 .1 3.  7 4.  4 4.3 4.  0 3.  4 2 .  0 
Solar  Heat ing Fract ion 
The Solar  Heat ing Fract ion for  the example house is  l is ted in Table 
5.  When the ins ide temperature is  60"F,  the SHF is  0.52 in  October,  but  
then decreases by a factor  of  4 to  0.13 in  December.  At  70° the 
d i f ference is  smal ler ,  but  i t  s t i l l  changes by more than a factor  of  
two.  An in ternal  heat  gain of  100,000 Btu/day or  more causes the SHF to  
r ise to near ly  1.0 in  October,  a l though the SHF dur ing the winter  months 
s t i l l  remains around 0.15 as i t  is  in  the case when the ins ide 
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Table 5.  Solar  Heat ing Fract ion of  example house 
Character is t ic  Oct .  Nov.  Dec.  Jan.  Feb.  Mar.  Apr.  
T=60°F 0.52 0.16 0,  ,13 0 .14 0 .16 0 .22 0 .40 
T=65°F 0.33 0.15 0.  ,12 0,  .13 0 .15 0 .19 0 .29 
T=70°F 0.25 0.13 0.  11 0.  . 12 0 .14 0 .17 0 .24 
1=50000 Btu/d 0.46 0.16 0.  13 0.  ,14 0 .16 0,  .21 0 .37 
1=100000 Btu/d 0.99 0.18 0.  13 0.  , 14 0,  .17 0,  .24 0,  .53 
1=150000 Btu/d 0.99 0.21 0.  15 0.  15 0,  , 19 0.  ,28 0,  ,99 
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0.29 0.10 0.  08 0.  08 0.  ,10 0.  ,14 0.  ,28 
A=60 f t?  0.99 0.22 0.  17 0.  19 0.  ,21 0.  27 0.  ,46 
A=120 f t?  0.99 0.34 0.  26 0.  28 0.  32 0.  39 0 .  98 
temperature is  50°F wi th no in ternal  heat  gains.  The SHF var ies by 
near ly  a factor  of  two dur ing the winter  months,  when the window area is  
constant ,  f rom 0.11 in  December a t  T=70°F to 0.19 in  February when 
1=150,000 Btu/day.  
Changing the south-g laz ing area a lso has a dramat ic  ef fect  on the 
SHF. When there is  no south g laz ing,  the SHF reaches i ts  lowest  point  
at  0.08 dur ing December and January.  The SHF then increases by a factor  
of  3.5 dur ing the same months when the south g laz ing is  120 f t^ .  Also,  
i t  is  c lose to i ts  maximum value of  1.0 in  October and Apr i l .  In  each 
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case,  the SHF reaches a minimum in  December as the auxi l iary heat ing 
needs are greatest  dur ing th is  month.  
Solar  Savings Fract ion 
The Solar  Savings Fract ion for  the example house is  given in  
Table 6.  I t  takes on values between zero and one as does the SHF, but  
i t  shows greater  var iabi l i ty  than the SHF. In  compar ing the same two 
months of  October and December when T=60°F,  the SSF var ies by a lmost  a 
Table 6.  Solar  Savings Fract ion of  example house 
Character is t ic  Oct .  Nov.  Dec.  Jan.  Feb.  Mar.  Apr.  
T=60°F 0.54 
T=65°F 0.35 
T=70°F 0.25 
0.13 0.07 0.08 
0.10 0.06 0.07 
0.07 0.05 0.06 
0.12 0.20 0.43 
0.10 0.17 0.31 
0.09 0.14 0.23 
1=50000 Btu/d 0.66 
1=100000 Btu/d 0.91 
1=150000 Btu/d 1.00 
A=0 f t^  0.55 
A=60 f t^  0.73 
A=120 f t^  0.83 
0.24 0.16 0.16 
0.39 0.26 0.26 
0.54 0.37 0.35 
0.19 0.13 0.13 
0.30 0.20 0.21 
0.38 0.27 0.29 
0.20 0.30 0.55 
0.31 0.43 0.78 
0.41 0.56 0.96 
0.15 0.24 0.49 
0.25 0.35 0.60 
0.34 0.44 0.68 
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factor  of  8 when the SHF changed by a factor  of  4.  For the t ime per iod 
of  December through February in  the f i rs t  s ix  rows when the south-
g laz ing area remains constant ,  the SSF goes f rom a low of  0.05 in  
December a t  T=70°F to  a h igh of  0.41 in  February at  1=150,000 Btu/day.  
This d i f ference is  more than an e ight- fo ld increase.  
The SSF shows less var iabi l i ty  than the SHF when the south window 
area is  changed.  When A=120 f t^ ,  the SSF reaches a maximum of  0.83 and 
a minimum of  0.27,  as opposed to the SHF which reaches a maximum of  0.99 
and a minimum of  0.26.  As is  character is t ic  of  the other  solar  
f ract ions,  the SSF consistent ly  reaches a minimum in  December.  
Common Solar  Fract ion 
The Common Solar  Fract ion,  l is ted in Table 7,  a lso takes on values 
between zero and one,  but  i t  is  more s table than e i ther  the SHF or  the 
SSF. In  the f i rs t  three rows,  when the temperature is  var ied,  the CSF 
is  near ly  the same as the SHF. For  these three cases,  the CSF is  only 
0.04 to 0.10 h igher than the SHF for  each of  the seven months.  When the 
in ternal  heat  gain is  changed in  the next  three rows,  the low points of  
the CSF in  December and January are roughly twice as h igh as the low 
points for  the SHF. The same re lat ionship holds t rue when the south-
g laz ing area is  changed.  The resul t  is  that  overal l  the CSF var ies less 
percentagewise f rom month to month than the SHF, a l though the SHF is  
more consistent  in  the winter  months.  
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Table 7.  Common Solar  Fract ion of  example house 
Character is t ic  Oct .  Nov.  Dec.  Jan.  Feb.  Mar.  Apr.  
T=60° 0 .59 0 .23 0 .17 0 .19 0 .22 0.  .29 0 .49 
T=65° 0 .43 0 .20 0 .16 0 .17 0 .20 0,  ,26 0 .38 
T=70° 0 .34 0 .18 0 .  16 0 .17 0 .  19 0.  ,24 0 .32 
1=50000 Btu/d 0,  .69 0 .33 0 .25 0 .26 0,  .30 0.  38 0,  .60 
1=100000 Btu/d 0,  ,92 0,  .46 0 .35 0 .34 0.  .39 0.  50 0,  .80 
1=150000 Btu/d 1.  ,00 0,  .59 0 .44 0 .42 0,  ,47 0.  61 0.  ,96 
A=0 f t?  0.  59 0,  ,26 0,  .21 0 .21 0.  23 0.  31 0.  53 
A=60 f t?  0.  77 0.  ,39 0,  .31 0 .31 0.  35 0 .  44 0.  65 
A=12Q f t^  0.  86 0.  49 0.  ,40 0,  .41 0.  45 0 .  54 0.  73 
Passive Heat ing Rat io 
The Passive Heat ing Rat io of  the example house is  l is ted in Table 
8.  I t  is  ident ica l  to  the SSF when the in ternal  heat  gains are zero,  
as is  the case in  the f i rs t  three rows when only the ins ide temperature 
is  var ied.  The PHR reaches a rather  low point  of  less than 0.10 in  
December and January and remains there when the internal  heat  gain is  
increased.  In  fact ,  when 1=150,000 Btu/day in  October,  the PHR is  
near ly  equal  to  zero.  This decrease in  the PHR is  caused by a decrease 
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in  the usefu l  so lar  heat ,  and the PHR is  zero dur ing the summer months 
when no solar  heat  is  needed.  
As wi th the other  indices that  are a funct ion of  solar  heat  input ,  
the PHR f luctuates a great  deal  when the south-g laz ing area in  enlarged.  
The PHR increases by a factor  of  s ix  f rom 0.03 in  December when A=0 f t^  
to 0.18 when A=120 f t^ .  Even the HHI var ies wi th increasing insolat ion,  
as is  expected,  but  cer ta in ly  not  to  the degree that  the PHR does.  
Table 8.  Passive Heat ing Rat io of  example house 
Character is t ic  Oct .  Nov.  Dec.  Jan.  Feb.  Mar.  Apr.  
T=60°F 0.54 
T=65°F 0.35 
T=70°F 0.25 
1=50000 Btu/d 0.33 
1=100000 Btu/d 0.26 
1=150000 Btu/d 0.03 
A=0 f t^  0.22 
A=60 f t^  0.42 
A=120 f t^  0.53 
0.13 "  0.07 0.08 
0.10 0.06 0.07 
0.07 0.05 0.06 
0.10 0.05 0.07 
0.11 0.06 0.08 
0.11 0.07 0.08 
0.04 0.03 0.04 
0 .16  0 .10  0 .12  
0.25 0.18 0.20 
0.12 0.20 0.43 
0.10 0.17 0.31 
0.09 0.14 0.23 
0.11 0.17 0.30 
0.11 0.17 0.27 
0.12 0.17 0.20 
0.05 0.10 0.23 
0.15 0.23 0.35 
0.25 0.32 0.44 
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Fract ional  Ut i l izat ion 
Fract ional  Ut i l izat ion,  l is ted in Table 9,  remains re lat ive ly  
steady under d i f ferent  indoor temperatures,  but  changes mucn more when 
the in ternal  heat  gain increases.  The FU is  more than twice as h igh in  
December when 1=150,000 Btu/day than when 1=50,000 Btu/day.  As wi th 
some of  the other  indices,  the FU drops to zero in  the summer months,  
but  only when both the gross heat  loss and auxi l iary heat ing needs are 
zero.  
Table 9.  Fract ional  Ut i l izat ion of  example house 
Character is t ic  Oct .  Nov.  Dec.  Jan.  Feb.  Mar.  Apr.  
T=60°F 0.56 
T=65°F 0.62 
T=70°F 0.62 
0.56 0.45 0.49 
0.52 0.43 0.45 
0.47 0.43 0.43 
0.56 0.61 0.60 
0.53 0.59 0.62 
0.50 0.57 0.62 
1=50000 Btu/d I .1  
1=100000 Btu/d 1.6 
1=150000 Btu/d 1.7 
A=0 f t^  1 .6 
A=60 f t^  0.93 
A=120 f t^  0.71 
1.3 1.2 1.1 
2.1 2.0 1.7 
2.9 2.8 2.3 
1.8 1.9 1.5 
1.1 1.1 0.97 
0.94 0.92 0.86 
1 . 1  1 . 1  1 . 1  
1 . 6  1 . 6  1 . 6  
2.1 2.0 1.9 
1.3 1.3 1.3 
0.95 0.97 0.99 
0.85 0.84 0.83 
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Unl ike most  of  the other  indices,  FU can vary f rom zero to values 
greater  than one.  For  instance,  the FU is  0.92 in  December when A=120 
f t^  and is  more than twice as h igh when there is  no south g laz ing.  
Overal l  though,  FU seems to  show less var iabi l i ty  than the other  solar  
heat  dependent  indices,  as i t  remains fa i r ly  constant  f rom month to  
month for  each case considered.  
Other Indices 
The HHI cannot  be easi ly  compared to  some of  the other  indices 
ment ioned ear l ier .  For instance,  the Normal ized Annual  Consumpt ion is  
based on data f rom thousands of  d i f ferent  homes,  and the Cal i forn ia 
Point  System is  meaningless when s tudying houses in  d i f ferent  c l imate 
regions.  Other indices,  such as the Relat ive Solar  Savings Fract ion,  
are just  p la in useless.  The RSSF is  zero for  a l l  cases s tudied,  except  
for  changing the south- fac ing window area,  as the windows are evenly 
d is t r ibuted around the example house.  
Of a l l  the indices compared in  Tables 3 through 9,  i t  is  c lear  that  
the HHI is  super ior .  I t  remains constant  throughout  the winter  months,  
and i t  changes s igni f icant ly  only when the st ructure of  the house is  
modi  f ied.  
MEASURING THE HHI 
Frequent  e lectr ic  and gas meter  readings were obta ined f rom 
d i f ferent  bui ld ings in  Ames,  Iowa dur ing the 1984-85 winter  to  determine 
how accurate ly  the HHI could be measured,  and a lso to learn how short  a 
t ime per iod would be required to measure i t  wi th reasonable accuracy.  
Ten homes and e ight  student  apartments were moni tored f rom the second 
week in  November,  1984 through the th i rd week in  March,  1985.  Also,  24 
a l l -e lectr ic  apartments were moni tored only dur ing the f i rs t  three weeks 
of  March.  Except  for  three weeks dur ing December,  meter  readings were 
taken dai ly  at  the student  apartments and several  homes but  weekly for  
the rest .  Addi t ional ly ,  harsh weather prevented meter  readings several  
t imes in  January and February.  
Hour ly  outs ide temperature measurements were obta ined f rom the Ames 
Munic ipal  Power P lant ,  and these temperatures were assumed to accurate ly  
represent  the outdoor temperature at  each of  the moni tored bui ld ings 
(a l l  are in  Ames).  To determine the average ins ide temperatures,  f rom 
three to f ive thermometers were p laced at  var ious locat ions in  each home 
for  a per iod of  one to  two weeks,  and the res idents were asked to record 
temperatures three t imes per  day.  The f ina l  data needed were the gas 
furnace ef f ic iencies,  and they were determined f rom nameplate 
in format ion and AFUE (Annual  Fuel  Ut i l izat ion Ef f ic iency)  rat ings in  
several  recent  edi t ions of  the Directory of  Cert i f ied Furnace and Boi ler  
Ef f ic iency Rat ings (GAMA, 1983).  
36  
Hodges Residence 
The Hodges res idence is  a two-story super insulated ear th-shel tered 
d i rect  gain passive solar  home. I t  has a to ta l  of  2200 square feet  of  
heated f loor  area and 440 square feet  of  south- fac ing double-pane 
g laz ing.  
F igure 1 g ives the HHI measurements for  the Hodges res idence for  
the winter  of  1984-85.  On the hor izonta l  ax is ,  HHI measurements are 
grouped in  one day in tervals,  two day in tervals,  etc.  The sol id  
hor izonta l  l ine indicates the actual  HHI for  the 3-month per iod of  
December through February,  and the dashed l ines are p lus and minus 10% 
of  th is  value.  Vert ica l  l ines show the range of  measurements for  one 
day readings,  e tc . ,  and the dot  near the center  of  each l ine is  the 
average HHI for  that  grouping.  Addi t ional ly ,  error  bars represent  p lus 
and minus one standard deviat ion f rom the average value.  
The error  bars for  one day in tervals are qui te large,  but  then 
shr ink to about  20% for  weekly measurements.  Extreme var iat ions in  HHI 
measurements are expected in  a house wi th a s igni f icant  solar  
contr ibut ion to the heat ing load.  The solar  contr ibut ion to the heat ing 
load is  not  counted in  the HHI,  which resul ts  in  large f luctuat ions f rom 
sunny days to c loudy days.  Also,  the Hodges res idence conta ins 120 tons 
of  masonry thermal  s torage,  causing a lower heat ing requirement on cold 
c loudy days which fo l low sunny days.  
Previous measurements on th is  house (Hodges,  1983,  p.  247) dur ing 
the winters of  1979-80,  1980-81,  1981-82,  and 1982-83 gave a HHI of  4.3,  
2.9,  2.9,  and 3.7 Btu/DD-f t^  (0.88 )  respect ive ly .  Night  
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insulat ion on the windows was not  used dur ing the f i rs t  winter ,  and 
natura l  vent i la t ion was increased the four th winter  to  study the ef fects 
of  a i r  in f i l t rat ion.  Also,  the four th winter  was much more overcast  
than normal .  A HHI of  3.2 Btu/DD-m^ (0.75 W/C°-m^) for  the 1984-85 
winter  agrees c losely wi th the previous measurements.  
Pyle Residence 
The Pyle res idence is  a s ingle-story super insulated home wi th a 
fu l l  basement.  I t  has 3000 square feet  of  heated f loor  space at  an 
average temperature of  63.9°F.  As shown in  Figure 2,  the Pyle res idence 
is  the most  e f f ic ient  of  the homes surveyed wi th a HHI of  2.0 Btu/DD-f t^  
(0.47 W/C°-m2).  
Even though the house is  very energy ef f ic ient ,  i t  only has an 
average amount  o f  south-g laz ing.  The lack of  abundant  so lar  heat  has 
resul ted in  consistent  HHI measurements,  to  wi th in about  10%, a t  three-
day in tervals or  greater .  The large var iat ion in  seven-day readings can 
be expla ined by the occupants '  behavior .  A s ingle woman occupied the 
house when dai ly  meter  readings were taken through mid-January.  Weekly 
readings were taken for  the remainder of  the winter ,  but  the woman was 
marr ied at  about  the same t ime the dai ly  readings ended.  I t  appears 
that  the marr ied couple preferred a h igher average indoor temperature,  
thus skewing the HHI measurements upward.  
The bui lder  of  the Pyle res idence,  Buck Construct ion Company,  
ca lculated and then advert ised the HHI to  be 2.2.  However,  a f ter  the 
measurements were taken,  the bui lder  confessed that  the or ig inal  
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calculat ions gave a HHI of  2 .0,  and the numbers were " fudged" because he 
d id not  th ink anyone would bel ieve him. Ei ther  way,  the predicted HHI 
is  c lose to the measured HHI.  
Bremner Residence 
Figure 3 shows the resul ts  of  measurements on the Bremner 
res idence.  This two-story townhouse conta ins 2045 square feet  of  heated 
f loor  space at  an average temperature of  69.4°F.  The bot tom f loor  is  
-most ly  underground except  for  the south s ide which has a large window 
area.  The var iat ion in  HHI measurements seems to  have dropped to a 
minimum at  three-day in tervals and then remained at  that  level .  Not ice 
that  the averages for  one-day readings through weekly readings are a l l  
below the actual  HHI of  3.3 Btu/DD-f t^  (0.78 W/C°-m^).  The HHI dur ing 
Chr is tmas vacat ion,  when no meter  readings were taken,  must  have been 
h igher than normal .  
Bui ld ings Moni tored Weekly 
F igure 4 shows the HHI for  s ix  bui ld ings moni tored weekly.  The 
f i rs t  one is  the Selman res idence,  which is  a super insulated passive 
solar  two-story home wi th a smal l  basement.  I t  has 1890 square feet  of  
heated f loor  area at  an average temperature of  69.5°F.  I ts  HHI was 
predicted to be 4.5 Btu/DD-f t^  (1.1 but  the measured HHI is  
4.9 Btu/DD-f t^  (1.2 W/C°-m^),  which is  s t i l l  wi th in 10% of  the predicted 
value.  Some of  the uncerta inty in  the measurements is  due to the 
res idents burning s l ight ly  less than one cord of  wood dur ing the winter  
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at  uneven in tervals.  Also,  the HHI appears to  have been lower dur ing 
Chr is tmas vacat ion than the average weekly measurements.  
The second bui ld ing represented in  Figure 4 is  the Twin Oaks 
apartment  bui ld ing.  This a l l -e lectr ic  bui ld ing conta ins 24 apartments 
wi th an average f loor  area of  720 square feet  apiece.  A l l  numbers 
represent  the HHP, not  HHI,  for  the ent i re bui ld ing,  s ince i t  would not  
be pract ica l  to  moni tor  the temperature in  each indiv idual  apartment .  A 
large por t ion of  the spread in  HHP values is  probably a resul t  of  
s tudents leaving dur ing spr ing break vacat ion and on weekends.  
Bui ld ing number 3 is  the Fr iedr ich residence,  which is  a 
super insulated passive solar  two-story home wi th a basement.  I t  
conta ins 3073 square feet  of  f loor  space at  an average temperature of  
69.1°F.  This home's HHI was calculated to be 3.1 Btu/DD-f t^  
(0.73 W/C°-m^) before the winter  began,  but  the measured value is  50% 
h igher.  Some improvements near the end of  winter ,  which reduced the a i r  
in f i l t rat ion,  lowered the HHI to  about  4.2 Btu/DD-f t^  (0.99 W/C°-m^).  
An est imated a i r  in f i l t rat ion of  0.5 a i r  changes per  hour may have been 
over ly  opt imist ic  consider ing that  there are three chi ldren in  the 
fami ly .  
Number 4 is  the Olson res idence,  which is  a lso a super insulated 
passive solar  two-story home wi th a fu l l  basement.  This large home has 
4900 square feet  of  f loor  area at  an average temperature of  69.5°F.  The 
heat ing system consists of  a heat  pump, wi th a coef f ic ient  of  
per formance of  2.9,  p lus a f i replace.  The average of  the weekly 
measurements is  4.8 Btu/DD-f t^  (1.1 W/C°-m^),  or  a lmost  107.  h igher than 
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the actual  HHI.  As wi th the Selman res idence,  the HHI dur ing Chr is tmas 
vacat ion must  have been lower than average.  
The f i f th  home, wi th a HHI of  4.3 Btu/DD-f t^  (1.0 W/C°-m^),  is  the 
Osterberg res idence.  This passive solar  5178 square- foot  home has two 
levels p lus a fu l l  basement wi th an overal l  average temperature of  
64.5°F.  Dur ing the winter ,  temperatures in  the basement hovered in  the 
upper 50s whi le temperatures of  the two f loor  levels var ied f rom upper 
50s to  upper 70s.  This large var iat ion in  temperatures is  natura l  for  
homes wi th a s igni f icant  solar  energy input ,  and th is  solar  heat ing 
causes a wider  spread in  HHI measurements.  
The last  home is  the Karas res idence,  a 3070 square- foot  townhouse 
bui l t  by the same construct ion company as the Bremner townhouse and the 
Pyle res idence.  This passive solar  two-story home has a fu l l  basement 
and was heated to an average temperature of  64.4°F,  y ie ld ing a HHI of  
3.8 Btu/DD-f t^  (0.90 W/C°-m^).  Most  of  the weekly readings fa l l  wi th in 
one standard deviat ion of  the actual  HHI.  
Other Moni tored Homes 
The HHI of  the Barnes res idence and Leacock res idence were a lso 
measured.  The Barnes house uses propane gas for  heat ing,  and i t  was 
impossib le to  get  dependable weekly measurements due to an inaccurate 
gauge on the gas tank.  Overal l ,  the Barnes house d id qui te wel l  wi th a 
measured HHI of  3.2 Btu/DD-f t^  (0.76 W/C°-m^),  which is  rather  c lose to 
a predicted HHI of  3.3 Btu/DD-f t^  (0.78 W/C°-m^) ca lculated f rom 
construct ion drawings.  
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The Leacock res idence was inc luded s ince i t  is  an o lder  house and 
was expected to be energy inef f ic ient  wi th an HHI perhaps around 
8.0 Btu/DD-f t^  (1.9 W/C°-m^).  The actual  measured HHI turned out  to  be 
6.8 Btu/DD-f t^  (1.6 W/C°-m^),  a value which is  s t i l l  h igher than that  of  
any other  s ingle- fami ly  dwel l ing in  th is  survey.  
Univers i ty  Vi l lage Student  Apartments 
Bui ld ing number 103 of  Univers i ty  Vi l lage conta ins four  two-story 
708 square- foot  adjacent  apartments wi th 103A on the south end and 103D 
on the nor th end.  F igures 5 through 8 show the HHP for  each indiv idual  
apartment ,  and Figure 9 g ives the HHP of  the ent i re bui ld ing.  
103A has the same general  t rend as the houses in  the survey,  wi th 
the spread in  HHP measurements reaching a minimum for  three-day readings 
and remaining constant  for  longer t ime per iods.  103D shows a l i t t le  
more var iat ion,  wi th the minimum at  four-day in tervals.  Apartment  103B 
has a minimum at  three days,  but  then the error  bars increase s l ight ly  
for  four  or  more days.  F inal ly ,  103C shows no consistent  pat tern,  whi le 
i ts  HHP of  4.7 Btu/DD-f t^  (1.1 W/C^-m^) is  the lowest  of  the four .  
The greater  var iat ion in  the HHP for  the two inner apartments is  
expected s ince they each share a wal l  wi th two other  apartments,  whi le 
the uni ts  on the end only share a s ingle wal l .  I t  also seems that  the 
two inner apartments should have lower HHI values,  and on the average 
lower HHP values.  The HHP for  103C appears to be anomalously low,  
a l though the same apartment  had a HHP of  6.3 Btu/DD-f t^  (1.5 W/C°-m^) 
the previous winter  when a d i f ferent  fami ly  occupied the p lace.  The 
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more recent  fami ly  ev ident ly  prefers  a ra ther  low indoor  temperature 
compared to  the others .  As a  resu l t ,  there is  a net  heat  f low in to  
the i r  apar tment  f rom both ad jacent  apar tments  through the shared wal ls .  
The bu i ld ing as a whole is  s imi lar  to  a one fami ly  house in  that  
the er ror  bars  reach a min imum at  three days.  A lso,  i ts  HHP for  the 
winter  o f  1983-84 was 7 .7  Btu/DD-f t^  (1 .8  which is  wi th in  107.  
o f  the 1984-85 HHP. 
Schi l le t ter  V i l lage Student  Apar tments  
Bui ld ing number  62 o f  Schi l le t ter  V i l lage conta ins four  666-square-
foot  s tudent  apar tments .  Apar tments  A and B are on the ground f loor  
wi th  A on the west  s ide and B on the east ,  whi le  C and D are on the 
second f loor  wi th  C on the west  s ide and D on the east  s ide.  P igures 10 
through 13 show the HHP for  each ind iv idual  apar tment ,  and F igure 14 
g ives the HHP for  the ent i re  bu i ld ing.  
On the average,  one would expect  apar tments  C and D to  have h igher  
HHP va lues s ince a larger  por t ion of  the i r  envelopes are exposed to  the 
outdoor  a i r .  Apar tment  C has the h ighest  HHP in  bu i ld ing 62,  a l though 
apar tment  D has the lowest .  However ,  the average HHP o f  C and D is  0.45 
h igher  than the average o f  A and B.  The HHP graph of  each ind iv idual  
apar tment  var ies accord ing to  the occupants '  l i v ing pat terns and is  a lso 
dependent  to  some extent  on the i r  ne ighbor 's  pat terns.  
The bu i ld ing as a whole shows an in terest ing t rend.  Var ia t ion in  
the HHP reaches a min imum at  three or  four  day in terva ls ,  but  then 
s teadi ly  increases through seven-day readings.  Errors  in  meter  readings 
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have been min imized by day three,  but  beyond that  there is  an increas ing 
probabi l i ty  o f  the reading over lapping a weekend.  Most  people have 
d i f ferent  schedules on weekends and ho l idays;  e i ther  go ing out  or  
inv i t ing people over ,  e tc .  I t  seems that  overa l l  the four  fami l ies  in  
th is  bu i ld ing had s ign i f icant ly  d i f ferent  weekend schedules,  more so 
than any o ther  fami l ies  in  th is  survey.  
Student  Apar tments  HHP (Winter  1983-84)  
Tables 10 through 12 l i s t  the HHP for  a  sample o f  s tudent  
apar tments  in  Hawthorn Cour t ,  Schi l le t ter  V i l lage,  and Univers i ty  
V i l lage for  the winter  o f  1983-84.  The HHP was ca lcu la ted f rom u t i l i ty  
b i l ls  prov ided by Iowa State Univers i ty .  In  Univers i ty  V i l lage,  un i ts  
101 to  145 were bu i l t  f i rs t  in  phase 1  whi le  un i ts  145 to  173 were 
const ructed la ter  in  phase 2 .  The most  energy e f f ic ient  o f  a l l  the 
s tudent  apar tments  are those in  Univers i ty  V i l lage phase 2 w i th  an 
average HHP o f  7 .0  Btu/DD-f t^  (1 .7  W/C'^-m^)  fo l lowed by phase 1 w i th  a 
HHP o f  7 .9  Btu/DD-f t^  (1 .9  W/C°-m^) .  Hawthorn Cour t  and Schi l le t ter  
V i l lage are near ly  t ied for  las t  p lace wi th  a HHP o f  9 .1  Btu/DD-f t^  
(2 .2  W/C°-m^)  and 9 .2  Btu/DD-f t^  (2 .2  W/C°-m^)  respect ive ly .  
A genera l  t rend shown in  the tab les is  the month ly  var ia t ion in  the 
HHP for  each bu i ld ing.  Most  bu i ld ings have a s l ight ly  lower  HHP in  
January than in  December  and the h ighest  HHP in  Pebruary.  Th is  t rend is  
most  l i ke ly  due to  s tudents  leav ing dur ing Chr is tmas vacat ion which 
s tar ted December  17,  1983 and ended January 17,  1984.  
Another  pat tern is  ev ident  in  the HHP o f  apar tments  on the end of  
Table 
Uni t  i  
1369 
1371 
1373 
1375 
Bui ld '  
1393 
1395 
1397 
1399 
Bui  1 d  i  
1409 
1411 
1413 
1415 
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Home Heat ing Factor  for  Hawthorn Cour t  s tudent  apar tments  
dur ing the winter  o f  1983-84 
HHP HHP HHP HHP 
December ,  1983 January,  1984 February,  1984 Dec. -Feb.  
9 .8  
9.7 
7.6 
10.9 
9 .5  
3 .9 
9.1 
7.3 
9 .9  
8 . 8  
9.6 
11.3 
7 .1  
11.4 
9 .8  
9.5 
9 .9  
7.4 
10.7 
9 .4  
8 .5 
8 . 0  
10.7 
11.4 
9 .7  
10.0 
7.2 
9 .9 
9.3 
9 .1  
9.1 
8.3 
11.4 
9 .8  
9.7 
9.2 
7.8 
1 0 . 6  
10.3 
9.5 
10.9 
7 .4  
9.5 
5 .0  
8 . 2  
8 . 6  
6.4 
7.6 
5.0 
6 .9  
8 . 2  
7.2 
3.8 
6 . 1  
6 . 3  
9.4 
7.0 
7.5 
5 .3  
7 .3 
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T a b l e  1 0  ( c o n t i n u e d )  
HHP HHP HHP HHP 
Uni t  #  December ,  1983 January,  1984 February,  1984 Dec. -Peb.  
1410 
1412 
1414 
1416 
Bui  1d i  ng 
11.9 
6 .9  
8.7 
10.7 
9 .6  
11.5 
8 .3  
8 . 0  
12.4 
1 0 . 0  
14.0 
8 .5 
9.2 
13.1 
1 1 . 2  
12.3 
7 .8  
8 . 6  
11.9 
10 .1  
1433 
1435 
1437 
1439 
Bui  1d i  ng 
7 .9  
9 .4  
1 0 . 2  
9.5 
9.2 
8.5 
8 . 6  
9.4 
9.3 
8 .9 
10 .8  
8 .7  
10.4 
12.3 
10.5 
8 . 8  
9.0 
10 .0  
1 0 . 1  
9.5 
1450 
1452 
1454 
1456 
Bui  1d i  ng 
9 .5  
8 .9  
8 . 6  
8.9 
8.9 
10 .1  
8 .7  
6 .9  
8.3 
8.5 
1 1 . 8  
9.6 
8.4 
9 .1  
9.7 
10.3 
9 .0  
8 . 0  
8.7 
9 .0  
6 0  
T a b l e  1 0  ( c o n t i n u e d )  
HHP HHP HHP HHP 
Uni t  #  December ,  1983 January,  1984 February,  1984 Dec. -Feb.  
1538 7 .7 8 .8  9.6 8.5 
1540 7 .6  7 .3  9 .0  7.9 
1542 9 .4  7 .6  8.8 8.7 
1544 10.1 9 .4  11.7 10.2 
Bui ld ing 8.7 8 .3  9 .8  8.8 
Table 11.  Home Heat ing Factor  o f  Schi l le t ter  V i l lage student  apar tments  
for  the winter  o f  1983-84 
HHP HHP HHP HHP 
Uni t  #  December ,  1983 January,  1984 February,  1984 Dec. -Peb.  
2A 5 .8  6 .3  6.5 6 .1  
2B 9 .6  9 .8  10.6 9 .9  
2C 10.5 5 .2  17.3 10.4 
2D 9 .7  8 .3  9.5 9 .2 
Bui ld ing 8.9 7 .4  11.0 8 .9  
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T a b l e  1 1  ( c o n t i n u e d )  
HHP HHP HHP HHP 
Uni t  #  December ,  1983 January,  1984 February,  1984 Dec. -Feb.  
62A 
62B 
62C 
62D 
Bui Id ing 
63A 
63C 
630 
Bui Id ing 
6.9 
9.0 
10.3 
7 .2  
8.3 
7 .1  
9 .8 
11.0  
9 .3  
7 .8  
8 . 2  
9.9 
7.3 
8.3 
8 .9  
9 .1  
10 .6  
9 .6  
10 .2  
9.6 
11.3 
7 .7  
9 .7 • 
10.4 
10.7 
12.9 
11.3 
8 . 0  
8.9 
10.4 
7 .4  
8.7 
8.5 
9 .8  
11.4 
9 . 9  
6 2  
Table 12.  Home Heat ing Factor  o f  Univers i ty  V i l lage student  apar tments  
for  the winter  o f  1983-84 
HHP HHP HHP HHP 
Uni t  #•  December ,  1983 January,  1984 February,  1984 Dec. -Feb.  
103A 
103B 
103C 
103D 
Bui Id ing 
9.5 
7 .8  
5.6 
7 .4  
7.6 
8.3 
7 .6  
5.8 
6 . 8  
7.1 
10 .1  
9 .0  
8 . 0  
7.8 
8.7 
9.3 
8 . 0  
6.3 
7.3 
7.7 
122A 
122B 
122C 
1220  
Bui ld ing 
8.7 
7.7 
7 .1  
8 . 0  
7.9 
9.6 
4.9 
7.8 
7.3 
7 .4  
9 .5  
1 1 . 1  
8 .5  
8 .3  
9 .4  
9.2 
7 .6 
7.7 
7 .2  
8 . 1  
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T a b l e  1 2  ( c o n t i n u e d )  
HHP HHP HHP HHP 
Uni t  #  December ,  1983 January,  1984 February,  1984 Dec. -Fed.  
151A 8.5 7 .9 9 .4  8.5 
151B 5.7 5.3 6 .2  5.7 
151D 7.3 6 .6  9.5 — 7.6 
151E 7.6 6.4 6.5 6 .9  
151F 7 .9 7.6 9 .9  8.3 
151G 6.4 6.9 7 .6 6 .8 
151H 7.8 7.9 8.7 8 .1  
Bui ld ing 7.3 6.9 8 .3  7 .4 
152A 7.7 6 .9  8 .1  7.5 
152C 5.6 6.0 6 .9  6 .1  
152D 6.3 6.2 7 .2  6.5 
152E 5.1 5.2 5 .6  5.3 
152F 5.0 5.0 5 .4  5 .1  
152G 8.3 8 .0  9 .0  8.4 
152H 6.4 6 .4 6 .6  6.5 
Bui ld ing 6.3 6.2 7 .0  6.5 
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bui ld ings versus those in  the middle.  In  the Univers i ty  V i l lage phase 2 
un i ts ,  the exter ior  apar tments  have an average HHP o f  
7 .7  Btu/DD-f t^  (1 .8  whi le  those in  the in ter ior  have a HHP o f  
6 .7  Btu/DD-f t^  (1 .6  W/C°-m^) .  Por  phase 1  un i ts  i t  is  8.4 Btu/DD-f t^  
(2 .0  W/C^-mZ) and 7 .4  Btu/DD-f t^  (1 .8  W/C°-m^) ,  and for  Hawthorn Cour t  
i t  is  9.7 Btu/DD-f t^  (2 .3  W/C°-m2)  and 8 .5  Btu/DD-f t^  (2 .0  W/C°-m2) .  In  
Schi l le t ter  V i l lage,  the apar tments  on the lower  f loor  have an average 
HHP o f  8 .3  Btu/DD-f t^  (2 .0  W/C°-m^)  and those on the upper  f loor  
9 .8 Btu/DD-f t^  (2 .3  W/C^-m^) .  
The d i f ferences in  the ef f ic ienc ies of  the var ious bu i ld ings,  and 
apar tments  w i th in  bu i ld ings,  can add up to  s ign i f icant ly  h igher  fue l  
b i l ls  for  some fami l ies .  An increase of  one Btu/DD-f t^  in  the HHP for  a 
700 square- foot  apar tment  over  an average winter  o f  3783 degree-days 
(December  1  through February 28)  resu l ts  in  an addi t ional  fue l  cost  for  
a 3-month per iod of  $35,  assuming $.80 per  CCF and a gas furnace wi th  a 
607.  burn ing e f f ic iency.  
Compar ison Wi th  Resul ts  From Two Random Surveys 
A survey (Hodges,  1984a,  p .  268)  o f  440 randomly-se lected cent ra l  
Iowa homes was under taken to  determine the average HHI o f  ex is t ing 
dwel l ings.  In  th is  survey,  HHI  va lues ranged f rom a low o f  
2 .9  Btu/DD-f t^  (0 .69 W/C°-m2)  to  a h igh of  21.5 Btu/DD-f t^  (5 .1  W/C^-m^)  
w i th  the average HHI be ing 8.2 Btu/DD-f t^  (1 .9  W/C°-m^) .  
A second survey was taken of  50 newer  homes bu i l t  in  1981 and 1982.  
Th is  group o f  homes had an average HHI o f  6 .2  Btu/DD-f t^  (1 .5  W/C°-m^) ,  
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which is  767.  o f  the average HHI in  the prev ious survey.  The lowest  HHI  
was 2 .7  Btu/DD-f t^  (0 .64 W/C°- in^  )  and the h ighest  was 9 .3  Btu/DD-f t^  
(2 .2  W/C°-m^) .  The three most  e f f ic ient  dwel l ings were pass ive so lar  
homes w i th  HHI va lues o f  2 .7 ,  3 .5 ,  and 4 .0  Btu/DD-f t^  (0 .95 W/C°-m^K 
Two act ive so lar  homes both had a HHI  o f  5 .8  Btu/DD-f t^  (1 .4  W/C°-m^) .  
An in terest ing compar ison can be made between the HHI o f  homes 
moni tored dur ing the winter  o f  1984-85 and the resu l ts  of  the above 
surveys.  The Py le  res idence,  w i th  a HHI  o f  2 .0  Btu/DD-f t^  
(0 .47 W/C°-m^) ,  i s  more e f f ic ient  than any o f  the homes in  e i ther  
survey.  A l l  o f  the moni tored houses,  except  the Leacock res idence,  are 
more e f f ic ient  than the average home in  the second survey.  The Leacock 
res idence,  w i th  a HHI  o f  6 .8  Btu/DD-m^ (1 .6  W/C°-m^) ,  i s  more e f f ic ient  
than the average house in  the f i rs t  survey,  but  less e f f ic ient  than the 
average house in  the second survey.  S imi lar ly ,  the average HHP o f  the 
Univers i ty  V i l lage student  apar tments  fa l ls  between the average va lues 
of  the two surveys.  A l though in  one case a HHI  was ca lcu la ted and in  
the other  i t  is  a HHP, a  meaningfu l  compar ison can s t i l l  be made as most  
people keep the i r  homes heated c lose to  65°P.  At  the bot tom of  the 
l i s t ,  the s tudent  apar tments  in  Hawthorn Cour t  and Schi l le t ter  V i l lage 
are less e f f ic ient  than the average house in  the f i rs t  survey of  o lder  
homes.  In  fact ,  wi th  a HHP o f  9 .1  Btu/DO-f t^  (2 .2  W/C°-m^)  and 
9 .2  Btu/DD-f t^  (2 .2  W/C°-m^) ,  Hawthorn Cour t  and Schi l le t ter  V i l lage are 
near ly  as inef f ic ient  as the most  inef f ic ient  house in  the second survey 
of  newer  homes.  
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EFFECTS OF WIND AND INSOLATION ON THE HHI  
E i ther  an increase in  wind speed or  a decrease in  inso la t ion wi l l  
increase the HHI o f  a bu i ld ing.  A h igher  wind speed increases the a i r  
in f i l t ra t ion rate,  which cont r ibutes s ign i f icant ly  to  the heat  loss 
ra te  of  most  bu i ld ings,  thereby increas ing the HHI.  A lso,  a h igher  wind 
speed w i l l  decrease the th ickness of  the boundary layer  o f  a i r  on the 
outs ide of  a  wal l ,  roof ,  or  window,  thereby lower ing the e f fect ive R-
va lue.  A drop in  the amount  o f  inso la t ion on a bu i ld ing wi l l  lower  the 
amount  o f  so lar  heat  input ,  caus ing an increase in  the aux i l ia ry  heat  
requi rements and thus ra is ing the HHI .  
Ef fects  of  Wind on the HHI 
Table 13 shows the e f fects  of  wind on HHI  measurements o f  f ive 
bu i ld ings.  For  each res idence,  the da i ly  HHI measurements are d iv ided 
in to  two groups o f  sporox imate ly  equal  s ize,  such that  the average da i ly  
wind speed is  less than 10 mph for  one group and greater  than 13 mph for  
the other  group.  Average wind speeds o f  each group are g iven as is  the 
s tandard dev ia t ion of  the mean for  each group.  The wind speeds are 
actua l ly  for  Des Moines (Nat ional  Oceanic  and Atmospher ic  
Admin is t ra t ion,  November  1984 through March 1985) ,  but  are assumed to  be 
c lose enough to  wind speeds in  Ames for  the purposes o f  th is  s tudy.  
There seems to  be l i t t le  or  no e f fect  o f  wind on the HHI o f  the 
f i rs t  two res idences,  as the s tandard dev ia t ions of  the means over lap 
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Table 13.  Ef fects  o f  wind speed on res idences moni tored dur ing the 
winter  o f  1984-85 
Residence Wind speed < 10 mph Wind speed >  13 mph 
Hodges:  
average wind speed 7.7 16.1 
average HHI 2 .9  3 .1 
s tandard dev ia t ion 0.3 0.4 
of  the HHI mean 
Py 1 e  :  
average wind speed 8.2 14.9 
average HHI 2 .0  2 .1 
s tandard dev ia t ion 0.2 0.2 
of  the HHI mean 
Bremner :  
average wind speed 8.5 14.7 
average HHI 2 .7  3 .1  
s tandard dev ia t ion 0.2 0 .1  
of  the HHI mean 
Univers i ty  V i l lage #103:  
average wind speed 8 .4  14.7 
average HHF 7 .0  7.5 
s tandard dev ia t ion 0.2 0.3 
of  the HHF mean 
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T a b l e  1 3  ( c o n t i n u e d )  
Residence Wind speed < 10 mph Wind speed > 13 mph 
Schi l le t ter  V i l lage #62:  
average wind speed 8 .4  14.7 
average HHP 9 .0  10.5 
s tandard dev ia t ion 0.4 0.3 
o f  the HHP mean 
each o ther .  The d i f ference is  more pronounced for  the Bremner  res idence 
and Univers i ty  V i l lage #103,  whi le  the e f fect  is  s izable for  Schi l le t ter  
V i l lage #62.  An increase of  6 .3  mph in  wind speed a t  #62 adds 1 .5  to  
the HHP. These resu l ts  are expected as both the Hodges and Py le  
res idences are " t ight "  wi th  low a i r  in f i l t ra t ion rates,  thereby 
min imiz ing the e f fects  of  wind speed.  Schi l le t ter  V i l lage #62 on the 
other  hand is  a very  " loose"  bu i ld ing,  and thus an increase in  wind 
speed s ign i f icant ly  increases i ts  HHP. 
Ef fects  of  Inso la t ion on the HHI 
Table 14 ind icates the ef fects  of  inso la t ion on the same f ive 
bu i ld ings.  The Hodges res idence shows the most  dramat ic  var ia t ion wi th  
a t r ip l ing of  the inso la t ion decreas ing the HHI by more than ha l f .  The 
e f fect  is  most  not iceable here,  because so lar  heat  cont r ibutes a 
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Table 14.  Ef fects  o f  inso la t ion on res idences moni tored dur ing the 
winter  o f  1984-85 
Residence Dai ly  Hor izonta l  Inso la t ion (Btu/ f t^ )  
Hodges:  I  < 400 I  > 600 
average inso la t ion 215 696 
average HHI 4 .7  2 .0  
s tandard dev ia t ion 0.3 0.2 
o f  the HHI mean 
Py le :  r  <  500 I  > 600 
average inso la t ion 424 653 
average HHI 2 .1  2 .0 
s tandard dev ia t ion 0.1 0 .1  
of  the HHI mean 
Bremner :  I  < 600 I  > 800 
average inso la t ion 478 983 
average HHI 3 .4  2 .6  
s tandard dev ia t ion 0.2 0 .1  
of  the HHI mean 
Univers i ty  V i l lage #103:  I  < 600 I  > 800 
average inso la t ion 478 983 
average HHP 7 .2  7 .6  
s tandard dev ia t ion 0.3 0 .3 
of  the HHP mean 
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T a b l e  1 4  ( c o n t i n u e d )  
Residence Dai ly  Hor izonta l  Inso la t ion (Btu/ f t^ )  
Schi l le t ter  V i l lage #62:  I  < 600 I  > 800 
average inso la t ion 478 983 
average HHF 10.1 9 .6  
s tandard dev ia t ion 0.4 0 .3 
o f  the HHP mean 
s ign i f icant  por t ion of  the heat ing needs due to  the large south-g laz ing 
area.  A l though there is  less south-g laz ing than a t  the Hodges 
res idence,  a doubl ing o f  the inso la t ion a t  the Bremner  res idence has 
reduced the HHI by about  257. .  S ince the Py le  res idence has l i t t le  south 
g laz ing,  the HHI var ies negl ig ib ly  wi th  increas ing inso la t ion.  Recal l  
that  th is  house 's  HHI  a lso var ies l i t t le  wi th  increas ing wind speed,  and 
thus i ts  HHI seems to  be independent  o f  weather  condi t ions.  
Both s tudent  apar tment  bu i ld ings have smal l  g laz ing areas,  and 
therefore an increase in  inc ident  so lar  rad ia t ion has l i t t le  ef fect  on 
the HHP. At  Univers i ty  V i l lage #103,  the HHP actua l ly  increases 
s l ight ly  wi th  a doubl ing of  the inso la t ion.  This  is  most  l i ke ly  due to  
a s ta t is t ica l  f luc tuat ion as the s tandard dev ia t ions of  the means 
over lap each o ther .  F ina l ly ,  the HHP o f  Schi l le t ter  V i l lage #62 
7 1  
decreases by 0 .5  wi th  a doubl ing o f  the inso la t ion,  but  the e f fect  is  
not  s ta t is t ica l ly  s ign i f icant .  
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PERFORMANCE OF SOLAR HOMES CALCULATED FROM DATA IN THE LITERATURE 
There are a number  o f  papers on so lar  homes that  g ive enough data 
to  ca lcu la te  the HHI.  Some have very  low HHI va lues and are very  energy 
e f f ic ient .  Others c la im to  be energy e f f ic ient ,  based on o ther  ind ices,  
but  have h igh HHI va lues.  One o f  the more famous homes is  the Kelbaugh 
house.  
Kelbaugh House 
The Kelbaugh house (Kelbaugh,  1978,  p .  69)  is  located in  Pr inceton,  
New Jersey.  I t  receives most  o f  i ts  so lar  heat  through a pass ive so lar  
heat ing system cons is t ing of  a  Trombe wal l  and greenhouse.  The to ta l  
f loor  area of  th is  two-story  house is  1850 square feet ,  inc lud ing a 200 
square- foot  greenhouse.  There were a to ta l  o f  5556 degree-days,  based 
on an average indoor  temperature o f  65°F,  for  the winter  of  1976-77,  
a l though Kelbaugh does not  s ta te  in  h is  paper  the prec ise dates the 
degree-days were measured.  He does take in to  account  the e f f ic iency of  
h is  gas furnace and inc ludes a l l  sources o f  heat  de l ivered to  the 
in ter ior  of  h is  house.  H is  measured heat  input  o f  31,250,000 Btu g ives 
a HHI  o f  3 .0  Btu/DD-f t^  (0 .71 W/C°-m^)  for  the 1976-77 winter .  Th is  may 
be a s l ight  overest imate,  as mi lder  months were probably  inc luded wi th  
co lder  months.  
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Balcomb House 
Another  famous so lar  home is  the Balcomb house (Balcomb e t  a l . ,  
1980)  located in  Sante Fe,  New Mexico.  Th is  two-story  bu i ld ing has 1959 
square feet  o f  l i v ing area p lus an a t tached 344 square- foot  greenhouse.  
An adobe wal l  between the greenhouse and l i v ing space is  used for  heat  
s torage.  The house was carefu l ly  moni tored between November  1 ,  1978 and 
Apr i l  24,  1979 wi th  a resu l t ing HHI o f  2 .9  Btu/DD-f t^  (0 .69 W/C^-m^)  for  
that  t ime per iod.  
Adjacent  Convent ional  House and Pass ive Solar  House 
A convent ional  house and a  super insu la ted pass ive so lar  house were 
bu i l t  s ide by s ide in  Newpor t ,  Vermont  (Hami l ton and Sachs,  1982,  
p .  21) .  Both homes have the same 1318 square- foot  f loor  p lan and are 
near ly  ident ica l  in  appearance.  
The convent ional  home is  a three bedroom ranch s ty le  wi th  a fu l l  
basement  and has an a t tached,  unheated garage.  Windows are dbuble-
g lazed and the wal ls  have 6  inches o f  f iberg lass insu la t ion and the 
ce i l ing 12 inches.  The un insu lated basement  was kept  a t  50°F dur ing the 
winter ,  and the rest  o f  the house was mainta ined a t  72°F.  A b lower  door  
pressur izat ion test  y ie lded an a i r  in f i l t ra t ion rate of  0 .71 a i r  changes 
per  hour .  
A l l  windows are t r ip le-g lazed in  the so lar  house and i t  has 757.  
more south- fac ing g laz ing,  but  th is  s t i l l  amounts  to  on ly  7% o f  the 
heated f loor  area.  There are 2 inches of  Styrofoam insu la t ion on the 
outs ide of  the basement  wal ls  and 4 inches on the above-ground wal ls .  
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The double-s tud wal ls  conta in  three layers  o f  f iberg lass insu la t ion,  
each o f  which is  3.5 inches th ick ,  whi le  the ce i l ing has 15 inches o f  
f iberg lass.  A cont inuous po lyethy lene vapor  barr ier  he lps keep the a i r  
in f i l t ra t ion down to  0.20 a i r  changes per  hour .  
Resul ts  for  winter ,  1982 are l is ted in  Table 15.  Both houses were 
moni tored every 15 seconds to  measure d i rect ly  the heat  de l ivered to  the 
l iv ing space f rom both aux i l ia ry  and in terna l  heat ing.  I t  is  not  
poss ib le  to  ca lcu la te  the HHI for  e i ther  o f  these houses s ince the 
degree-days are not  g iven.  However  both homes exper ienced the same 
weather ,  and therefore i t  can be seen f rom Table 15 that  the so lar  
home's  HHI  is  approx imate ly  40% o f  the convent ional  home's  HHI ,  
Table 15.  Energy consumpt ion o f  ad jacent  convent ional  and so lar  homes 
Convent ional  Solar  
Month Btu/ f t^  Btu/ f t^  
January,  1982 
February 
March 
13,600 
10,200 
8,900 
5,900 
3,900 
3,400 
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Water-Waî l  House 
The Geise l  house (Fraker  and L indsey,  1979,  p .  659)  is  located in  
Pr inceton,  New Jersey and uses a  g lazed water-wal l  for  pass ive so lar  
heat ing and thermal  s torage.  Th is  two-story  a l l -e lect r ic  bu i ld ing is  
ear th  bermed on the nor th  s ide and has 2880 square feet  o f  heated f loor  
area.  The average indoor  temperature is  unknown,  so on ly  the HHP is  
ca lcu la ted in  Table 16.  
Table 16.  HHP o f  a  water-wal l  house 
Month Degree-days(65°F base)  Btu de l ivered HHP 
(Btu/DD-f t^ )  
November ,  1978 521 3 .8  x 10® 2 .5  
December  824 4 .5  x  10® 1 .9  
T ight ly  Sealed Houses 
A super insu la ted pass ive so lar  house has been carefu l ly  bu i l t  and 
moni tored in  Eagan,  Minnesota (Robinson,  1979,  p .  703) .  There are 1300 
square feet  o f  heated f loor  area and 90 square feet  o f  south fac ing 
double g lazed windows.  One-hal f  o f  the lower  leve l  o f  th is  two-story  
house is  below ground,  which reduces both heat  losses and a i r  
in f i1 t ra t ion.  
Addi t ional  character is t ics  which reduce a i r  in f i l t ra t ion inc lude:  
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exter ior  openings wel l -caulked, 4 mi l  polyethylene vapor barr ier ,  house 
sheathed wi th tongue and groove polystyrene, exter ior  plywood s id ing, 
exter ior  doors equipped wi th magnet ic seals,  and a double door entrance 
which provides an a i r  lock entry into the house. The a i r  inf i l t rat ion 
rate as measured by an ethane gas t racer technique is  0.12 a i r  changes 
per hour in a 15 mph wind. 
The HHI of  th is house was measured to be 2.3 Btu/OD-f t^ 
(0.54 from tests carr ied out wi th an e lectr ic furnace, but i ts  
HHI was 1.6 Btu/DD-f t^ (0.38 W/C°-m^) when calculated from ut i l i ty  
b i l ls .  This discrepancy may have been caused by an incorrect  est imate 
of  the heat ing system's ef f ic iency,  or perhaps i t  was c loudy when the 
tests were performed. 
An even t ighter bui ld ing is  the Saskatchewan Conservat ion House 
(Besant et  a l . ,  1979, p.  713).  The inf i l t rat ion in th is house was 
measured using a t racer gas technique to be 0.05 a i r  changes per hour.  
Since th is house has only been operated as a demonstrat ion dwel l ing,  i t  
is not possible to calculate i ts  HHI.  
Simply because a house has a low inf i l t rat ion rate does not mean i t  
has an unusual ly low HHI.  An example is  provided by a s ingle-story 1180 
square-foot test  home in Port land, Oregon (Tsongas et  a l . ,  1983, p.  
321).  This house has typical  wood f rame construct ion and 105 square 
feet  of  s ingle-pane glazing on the south s ide.  The home was bui l t  
careful ly to insure a low inf i l t rat ion rate,  and a blower door test  
determined an inf i l t rat ion rate of  0.11 a i r  changes per hour.  However,  
the HHI turned out to be 4.0 Btu/DD-f t^ (0.95 W/C°-m^) as shown in 
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Table 17. The use of  s ingle rather than double g lazing may have caused 
th is poorer performance. 
Table 17. Home Heat ing Index of  a t ight ly sealed house 
HHI(December-February) = 4.0 Btu/DD-f t^ (0.95 
Month Degree-days Btu HHI 
November,  1982 573 2.0 x 10^ 2.9 
December 595 2.2 x 10^ 3.1 
January,  1983 586 3.3 x 10^ 4.8 
February 495 2.5 x 10^ 4.3 
March 517 2.2 x 10^ 3.7 
Double Envelope House 
A passive solar/double envelope home in Duluth,  Minnesota 
(Wi l l iams, 1981, p.  30) has three levels and a total  f loor area of  3000 
square feet .  Much of  the basement is  below ground and is designed to 
store heat along wi th a 12- inch-thick mass wal l .  100 probes instal led 
in the house recorded energy usage and temperatures at  var ious points.  
Recorded temperatures in the envelope cavi ty and basement seem to show 
that  the basement wal ls,  s labs,  and enclosed berm act  as a heat s ink 
rather than a heat source at  n ight.  
Table 18 gives the HHF for  the winter of  1980-81. 
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Table 18. Home Heat ing Factor of  a double envelope house 
HHP (December-February) = 2.8 Btu/DD-f t^ (0.66 W/C°-m^) 
Month Degree-days Btu HHP 
(Btu/DD-f t^)  
November,  1980 1047 11 , .5 X 10^ 3 .7 
December 1649 14, .3 X 10^ 2 .9 
January,  1981 1655 13, ,5 X 10^ 2,  .7 
February 1325 10. ,5 X 106 2.  .6 
March 1106 5 .  ,6 X 10^ 1 , 7 
Poor Solar Homes 
An example of  a poor solar house is  a two-story 1000 square foot  
home in Waitsf ie ld,  Vermont (Dubin and Tucker,  1979, p.  541).  The 
passive solar system consists of  a Trombe wal l  wi th 220 square feet  of  
vert ical  south glazing and 58 square feet  of  south glazing t i l ted at  53° 
f rom the hor izontal .  A concrete block wal l  four feet  behind the glass 
is  used for  heat storage. 
Part ia l  data for  the winter of  1977-78 are l is ted in Table 19. 
Nei ther internal  gains nor heat f rom a wood burning stove are included 
in the Btu total .  Thus, the actual  HHI is  probably much h igher.  
Not only is  the house rather inef f ic ient  for  a passive solar 
design, but i t  is uncomfortable as wel l .  Since no movable insulat ion is 
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used on the windows, temperatures near the storage wal l  range from a low 
of  38°F in the winter to a high of  110°F in the summer.  Overal l ,  th is 
house certainly does not l ive up to i ts  design expectat ions.  The home 
may have a larger than normal rat io of  envelope area to f loor area, 
because i t  is smal l  but  two-story.  
Table 19. Auxi l iary Home Heat ing Index of  a poor solar home 
Month Degree-days Btu Aux. HHI 
December,  1977 1643 8.1 x 10^ 4.9 
January,  1978 1612 8.4 x 10^ 5.2 
The owner of  a 1168 square-foot home wi th at tached greenhouse and 
Trombe wal l  in Knoxvi l le,  Tennessee (Barth,  1979, p.  648) is  evident ly 
Table 20. Home Heat ing Factor of  a solar home in Knoxvi l le,  Tennessee 
Month Degree-days Btu SHF HHF 
(Btu/DD-f tZ) 
November,  1978 310 1.3 x 10^ 0.98 3.6 
December 681 4.4 x 10® 0.65 5.5 
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rather sat isf ied with his home based on SHF calculat ions.  Perhaps he 
would not be qui te so content i f  he knew his HHP l is ted in Table 20. 
Yet another lower ef f ic iency bui ld ing in Knoxvi l le is  a passive 
solar modular house (Reid et  a l . ,  1982, p.  747).  I t  has 1200 square 
feet  of  f loor area and 144 square feet  of  south glazing. The heat 
storage system consists of  20 t ranslucent tubes, each f i l led with 33.8 
gal lons of  water.  This house is  considered ef f ic ient  because i ts  solar 
col lect ion ef f ic iency (net solar gain div ided by avai lable solar)  is  
64%, and i ts  solar f ract ion (net solar gain div ided by auxi l iary plus 
net solar gain) equals 0.40. 
Since only the auxi l iary heat was g iven, and not the internal  
gains,  only an auxi l iary HHI can be calculated in Table 21. The actual  
HHI would be h igher,  and i t  is already above 5.0 Btu/DD-f t^ 
(1.2 W/C°-m^) for  January plus February.  
Table 21. Auxi l iary HHI of  a solar home in Knoxvi l le,  Tennessee 
Month Degree-days Btu Aux. HHI 
January,  1982 1026 7.7 x 10^ 6.3 
February 653 3.7 x 10^ 4.7 
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Six Passive Solar Homes in Denver,  Colorado 
Table 22 summarizes informat ion on s ix passive solar homes in 
Denver,  Colorado (Swisher,  1982, p.  783).  Al l  of  the bui ld ings are 
wood-frame, heavi ly insulated, low-mass designs, and use double-glazed 
wi ndows. 
22 d i f ferent measurements were performed on each bui ld ing every 15 
seconds. Some of  these measurements,  a long wi th the HHI,  are presented 
in Table 23. Not ice that  for  most homes the HHI remains fa i r ly  constant 
f rom December through February and is  lower in November_and March. 
Table 22. Character ist ics of  s ix passive solar homes in Denver 
House Alpert  Arnold Ferguson Her i tage Klaus Walden 
Floor area 1527 2590 2820 1684 1376 1873 
C  f t Z )  
Lower basement basement bermed ground ground basement 
level  level  level  
Solar d i rect  d i rect  d i rect  sunspace sunspace di recl  
system gain gain gain gain 
Air  0.64 0.32 0.70 0.58 0.72 0.70 
changes/hour 
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Table 23. Home Heat ing Index of  s ix passive solar homes in Denver 
Alpert  HHI = 3.5 Arnold HHI = 3.4 
Month Degree-days MBtu HHI Degree-days MBtu HHI 
November 821 3.4 2.7 369 6.1 2.7 
December 1032 5.6 3.6 1127 11.0 3.8 
January 1066 5.9 3.6 1205 10.3 3.3 
February 1028 5.1 3.3 1043 8.5 3.1 
March 887 4.4 3.3 815 5.6 2.7 
Ferguson HHI = 2.4 Her i tage HHI = 3.7 
Month Degree-days Mbtu HHI Degree-days Mbtu HHI 
November 751 0.7 0.3 724 3.5 2.9 
December 1004 6.4 2.3 915 7.8 5.0 
January 1038 5.9 2.0 887 4.5 3.0 
February 1068 8.7 2.9 867 4.1 2.8 
March 943 8.3 3.1 703 4.2 3.5 
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Table 23 (cont inued) 
Klaus HHI =2.0 Walden HHI = 4.3 
Month Degree-days Mbtu HHI Degree-days Mbtu HHI 
November 745 1.1 1.1 885 5.8 3.5 
December 1122 2.9 1.9 882 8.4 5.1 
January 1088 2.9 2.0 988 7.4 4.0 
February 942 2.7 2.1 932 6.7 3.8 
March 787 2.1 1.9 876 5.5 3.4 
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CONCLUSIONS AND RECOMMENDATIONS 
A number of  energy-ef f ic iency indices current ly in use have been 
descr ibed and compared to the Home Heat ing Index. The HHI outperforms 
a l l  of  them by remaining constant dur ing the winter months and varying 
only when the structure of  a bui ld ing is changed; in part icular,  the HHI 
is  not af fected by d i f ferent internal  heat gains or d i f ferent inside 
average temperatures.  Many of  the other indices consider only auxi l iary 
heat ing requirements whi le ignor ing internal  heat gains,  or they fa i l  to 
take the ef f ic iency of  the heat ing system into account.  The Solar 
Fract ion indices place too much emphasis on solar heat input,  causing 
them to vary a great deal  f rom month to month.  
Measurements of  the energy-ef f ic iencies of  var ious houses and 
student apartments dur ing the winter of  1984-85 have y ie lded some 
interest ing resul ts.  The HHI of  most homes can be determined to wi th in 
about 107. when energy consumption is  monitored for  three days. A home 
wi th a large south-glazing area wi l l  take a longer monitor ing per iod 
before i ts  HHI is  known accurately,  s imply because of  the larger 
var iat ions in solar heat input.  Of the student apartments,  Universi ty 
Vi l lage phase 2 are the most energy-ef f ic ient  wi th an average HHF of  
7.0 Btu/DD-f t^ (1.7 W/C°-m^),  whi le Hawthorn Court  and Schi l let ter  
Vi l lage are the most energy- inef f ic ient  wi th HHPs of  9.1 Btu/DD-f t^ 
(2.2 W/C°-m2) and 9.2 Btu/DD-f t^ (2.2 W/C^-m^) respect ively.  
Since the houses and student apartments were monitored under widely 
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dif ferent weather condi t ions dur ing the winter,  i t  has been possible to 
study the ef fects of  wind and insolat ion on the HHI.  Tight ly sealed 
bui ld ings have a near ly constant HHI as wind speed increases, whi le 
bui ld ings wi th a high a i r  inf i l t rat ion rate,  such as Schi l let ter  Vi l lage 
student apartments,  are af fected s igni f icant ly.  The HHI of  houses wi th 
a large south-glazing area are af fected the most by insolat ion,  as one 
would expect.  
Data in the l i terature l is t ing bui ld ing character ist ics and weather 
informat ion have been useful  in determining the energy-ef f ic iencies of  a 
number of  solar homes. Two of  the more famous homes, the Kelbaugh house 
and Bal  comb house, are both very energy-ef f ic ient  wi th HHIs of  
3.0 Btu/DD-f t^ (0.71 W/C^-m^) and 2.9 Btu/DD-f t^ (0.69 W/C^-m^).  Most 
solar homes have been found to be energy-ef f ic ient ,  al though there are a 
few that  the owners thought were energy-ef f ic ient ,  based on the Solar 
Heat ing Fract ion or some other index, which actual ly perform rather 
poor ly.  
Recommendat ions for  fur ther study are as fo l lows: 
1.  Test equipment should be instal led in a number of  houses to 
monitor energy usage cont inuously,  wi th the purpose of  seeing how 
accurately the HHI can be determined. Addi t ional ly,  sensors should be 
placed on the exter iors or these houses to measure wind veloci ty,  
insolat ion,  outside temperature,  etc.  Perhaps the most important i tem 
is the ef f ic iency of  the heat ing system, and i t  should be measured 
careful ly.  The maximum HHI of  a bui ld ing could be determined by 
monitor ing i t  only at  n ight  when there is  no solar heat input.  
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2. Solar houses across the United States should be s imi lar ly 
monitored. In th is way, the strengths and weaknesses of  the var ious 
designs can be examined, and a lso the appl icabi l i ty  of  the HHI as an 
indicator of  energy-ef f ic iency in di f ferent c l imates wi l l  be tested. 
3.  A home should be instal led with electr ic resistance heat ing,  so 
that  the total  heat del ivered to the inter ior  wi l l  be known very 
accurately.  Assuming no other sources of  heat and an even inside 
temperature,  th is method would provide the most accurate means of  
measur ing the HHI.  
4.  Further work is  recommended to compare actual  HHI values wi th 
the values predicted from the construct ion drawings for  a home. This 
wi l l  provide informat ion about how good the standard energy calculat ion 
procedures are and how c losely,  f rom an energy point  of  v iew, homes are 
bui l t  to plan. A suggested source of  data is  a group of  homes which 
have received Solar Bank subsidies from the Iowa Energy Pol icy Counci l ,  
s ince a l l  of  them have had their  HHI predicted; none of  these have yet  
been through a whole heat ing season. 
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APPENDIX: HHI COMPUTER PROGRAM 
10 CLS 
20 PRINT "This program calculates the Home Heat ing Index, the Home 
Heat ing Requirement,  auxi l iary heat needed for  October thru Apr i l ,  and 
the bui ld ing heat loss coeff ic ient  based on the volume, f loor 
area, R-values, etc.  of  a s t ructure."  
30 'This program was wr i t ten by Jonathan Huebner as part  of  a Ph.D. 
thesis in physics under the direct ion of  Dr.  Laurent Hodges at  Iowa 
State Universi ty.  
40 PRINT:PRINT:PRINT "DO YOU WANT TO USE LATITUDE AND WEATHER DATA FOR 
AMES, lA? (Y,N)" 
50 PRINT "(Otherwise, you wi l l  be asked to provide these data for  your 
locat ion.)"  
60 A$=INtCEY$: IF A$="" THEN 60 
70 IF A$="Y" GOTO 810 
80 IF A$="y" GOTO 810 
90 PRINTrPRINT "ENTER LATITUDE" 
100 PRINT:INPUT LAT 
110 PRINT:PRINT "LATITUDE =";LAT;"DEGREES" 
120 'WEATHER DATA FOR LOCATIONS OTHER THAN AMES, IOWA CAN BE ENTERED IN 
LINES 130 THRU 790. 
130 PRINT:PRINT "ENTER MONTHLY DEGREE-DAYS FOR OCTOBER" 
140 PRINT:INPUT MDD(1) 
150 PRINT:PRINT "ENTER MONTHLY DEGREE-DAYS FOR NOVEMBER" 
160 PRINT:INPUT MDD(2] 
170 PRINT:PRINT "ENTER MONTHLY DEGREE-DAYS FOR DECEMBER" 
180 PRINT:INPUT MDD(3) 
190 PRINT:PRINT "ENTER MONTHLY DEGREE-DAYS FOR JANUARY" 
200 PRINT:INPUT MDD(4) 
210 PRINT:PRINT "ENTER MONTHLY DEGREE-DAYS FOR FEBRUARY" 
220 PRINT:INPUT MDD(5} 
230 PRINT:PRINT "ENTER MONTHLY DEGREE-DAYS FOR MARCH" 
240 PRINT:INPUT MDD(6) 
250 PRINT:PRINT "ENTER MONTHLY DEGREE-DAYS FOR APRIL" 
260 PRINT:INPUT MDD(7) 
270 CLS 
280 PRINT "MONTHLY DEGREE-DAYS FOR OCTOBER =";MDD(1) 
290 PRINT "MONTHLY DEGREE-DAYS FOR NOVEMBER =";MDD(2) 
300 PRINT "MONTHLY DEGREE-DAYS FOR DECEMBER =";MDD(3) 
310 PRINT "MONTHLY DEGREE-DAYS FOR JANUARY =";MDD(4) 
320 PRINT "MONTHLY DEGREE-DAYS FOR FEBRUARY =";MDD(5) 
330 PRINT "MONTHLY DEGREE-DAYS FOR MARCH =";MDD(6) 
340 PRINT "MONTHLY DEGREE-DAYS FOR APRIL =";MDD(7) 
350 PRINT:PRINT "ENTER AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR 
OCTOBER (BTU/SO.FT.)"  
360 PRINT:INPUT H(1) 
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370 PRINT:PRINT "ENTER AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR 
NOVEMBER (BTU/SQ.FT.)"  
380 PRINT:INPUT H(2) 
390 PRINT-.PRINT "ENTER AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR 
DECEMBER (BTU/SQ.FT,)"  
400 PRINT: INPUT HO) 
410 PRINT:PRINT "ENTER AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR 
JANUARY (BTU/SQ.FT.)"  
420 PRINT:INPUT H(4) 
430 PRINT:PRINT "ENTER AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR 
FEBRUARY (BTU/SQ.FT.)"  
440 PRINT:INPUT H(5) 
450 PRINT:PRINT "ENTER AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR 
MARCH (BTU/SQ.FT.)"  
460 PRINT:INPUT H(6) 
470 PRINT:PRINT "ENTER AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR 
APRIL (BTU/SQ.FT.)"  
480 PRINT:INPUT H(7) 
490 CLS 
500 PRINT "AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR OCTOBER 
=";H(1);"BTU/SQ.FT." 
510 PRINT "AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR NOVEMBER 
=";H(2);"BTU/SQ.FT." 
520 PRINT "AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR DECEMBER 
=";H(3);"BTU/SQ.FT." 
530 PRINT "AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR JANUARY 
=";H(4);"BTU/SQ.FT." 
540 PRINT "AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR FEBRUARY 
=";H(5);"BTU/SQ.FT." 
550 PRINT "AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR MARCH 
=";H(6);"BTU/SQ.FT." 
560 PRINT "AVERAGE TOTAL DAILY HORIZONTAL INSOLATION FOR APRIL 
=";H(7);"BTU/SQ.FT." 
570 PRINT:PRINT "REFLECTANCE = 0.7 IF THE GROUND IS COMPLETELY COVERED 
BY SNOW AND 0.2 IF THERE IS NO SNOW." 
580 PRINT:PRINT "ENTER AVERAGE GROUND REFLECTANCE FOR OCTOBER" 
590 PRINT:INPUT REFL(l)  
600 PRINT:PRINT "ENTER AVERAGE GROUND REFLECTANCE FOR NOVEMBER" 
610 PRINT:INPUT REFL(2) 
620 PRINT:PRINT "ENTER AVERAGE GROUND REFLECTANCE FOR DECEMBER" 
630 PRINT:INPUT REFL(3) 
640 PRINT:PRINT "ENTER AVERAGE GROUND REFLECTANCE FOR JANUARY" 
650 PRINT:INPUT REFL(4) 
660 PRINT:PRINT "ENTER AVERAGE GROUND REFLECTANCE FOR FEBRUARY" 
670 PRINT:INPUT REFL(5) 
680 PRINT:PRINT "ENTER AVERAGE GROUND REFLECTANCE FOR MARCH" 
690 PRINT:INPUT REFL(6) 
700 PRINT:PRINT "ENTER AVERAGE GROUND REFLECTANCE FOR APRIL" 
710 PRINT:INPUT REFL(7) 
720 CLS 
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730 PRINT "AVERAGE GROUND REFLECTANCE FOR OCTOBER =";REFL(1) 
740 PRINT "AVERAGE GROUND REFLECTANCE FOR NOVEMBER =";REFL(2) 
750 PRINT "AVERAGE GROUND REFLECTANCE FOR DECEMBER =" jREFL(3) 
760 PRINT "AVERAGE GROUND REFLECTANCE FOR JANUARY =";REFL(4) 
770 PRINT "AVERAGE GROUND REFLECTANCE FOR FEBRUARY =" jREFL(5) 
780 PRINT "AVERAGE GROUND REFLECTANCE FOR MARCH =";REFL(5} 
790 PRINT "AVERAGE GROUND REFLECTANCE FOR APRIL =";REFL(7) 
800 PR I  NT:GOTO 1040 
810 LAT=42 
820 'WEATHER CONDITIONS FOR AMES, IOWA ARE LISTED IN LINES 830 THRU 
1030. MDD IS THE MONTHLY DEGREE-DAYS, H IS THE DAILY HORIZONTAL 
INSOLATION, AND REFL IS THE GROUND REFLECTANCE. 
830 MDD(1)=384 
840 MDD(2)=849 
850 MDD(3)=1237 
860 MDD(4)=1395 
870 MDD(5)=1151 
880 MDD(6)=955 
890 MDD(7)=477 
900 H(1)=987 
910 H(2)=604 
920 H(3}=501 
930 H(4)=637 
940 H("5)=900 
950 H(6)=1211 
960 H(7)=1419 
970 REFLCl)=.2 
980 REFL(2)=.25 
990 REFL(3)=.4 
1000 REFL(4)=.5 
1010 REFL(5)=.45 
1020 REFL(6)=.35 
1030 REFL(7)=.2 
1040 PRINTiPRINT "DO YOU WANT AN EXAMPLE OF THE PARAMETERS ASKED FOR BY 
THIS PROGRAM? (Y,N)" 
1050 A$=INKEY$:IF A$="" THEN 1050 
1050 PRINT:IF A$="N" GOTO 1130 
1070 IF A$="n" GOTO 1130 
1080 CLS 
1090 PRINT "THE TILT ANGLE OF A SURFACE IS 90 DEGREES IF IT IS VERTICAL 
AND ZERO IF IT IS HORIZONTAL." 
1100 PRINT:PRINT "THE AZIMUTHAL ANGLE OF A SURFACE IS ZERO IF IT FACES 
SOUTH, WEST = 90 DEGREES, NORTH = 180 DEGREES, AND EAST = 90 DEGREES." 
1110 PRINTiPRINT "THE TRANSMISSION COEFFICIENT OF A SINGLE-PANE WINDOW 
IS TYPICALLY .8,  DOUBLE- PANE IS .7,  AND TRIPLE-PANE IS .6" 
1120 PRINT:PRINT "THE R-VALUE OF A SINGLE-PANE WINDOW IS TYPICALLY .9,  
DOUBLE-PANE IS 1.8,  AND TRIPLE-PANE IS 2.7" 
1130 PRINT:PRINT " IS NIGHT INSULATION USED ON WINDOWS? (Y,N)" 
1140 A$=INKEY$:IF A$="" THEN 1140 
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1150 PRINT:IF A$="Y" THEN PRINT "ENTER R-VALUE OF NIGHT 
INSULATION(COMMA)HOURS PER DAY IT IS USED":PRINT " ": INPUT RVNI,HPD 
1160 IF A$="y" THEN PRINT "ENTER R-VALUE OF NIGHT INSULATI0N(C0MMA3H0UR£ 
PER DAY IT IS USED"-.PRINT " " :  INPUT RVNI.HPD 
1170 IF A$="Y" THEN PRINT " PRINT "R-VALUE OF NIGHT INSULATION 
=";RVNI:PRINT "HOURS PER DAY =";HPD 
1180 IF A$="y" THEN PRINT " ":PRINT "R-VALUE OF NIGHT INSULATION 
= "; RVNI-.PRINT "HOURS PER DAY =";HPD 
1190 IF RVNI>9 THEN RVNI=9 
1200 PRINT:PRINT "DOES THE BUILDING CONTAIN A DIRECT GAIN SYSTEM? (Y,N)" 
1210 DG$=INKEY$-. IF DG$ = " " THEN 1210 
1220 PRINT;IF DG$="Y" THEN AVERAGE=1 
1230 IF DG$="y" THEN AVERAGE=1 
1240 PRINT "DOES THE BUILDING CONTAIN A MASONRY THERMAL STORAGE WALL 
SYSTEM? (Y,N)" 
1250 MSW$=INKEY$:IF M5W$="" THEN 1250 
1260 IF MSW$="Y" THEN AVERAGE=AVERAGE+1 
1270 IF MSW$="y" THEN AVERAGE=AVERAGE+1 
1280 PRINTiPRINT "DOES THE BUILDING CONTAIN A WATER THERMAL STORAGE WALL 
SYSTEM? (Y.NV 
1290 WSW$=INKEY$:IF WSW$="" THEN 1290 
1300 IF WSW$="Y" THEN AVERAGE=AVERAGE+1 
1310 IF WSW$="y" THEN AVERAGE=AVERAGE+1 
1320 PRINTrPRINT "ENTER TILT ANGLE OF A WINDOW IN 
DEGREES(COMMA)AZIMUTHAL ANGLE IN DEGREES(COMMAV 
1330 PRINT "TRANSMISSION COEFFICIENT(COMMA)R-VALUE(COMMA)AREA OF WINDOW' 
IN SQUARE FEET" 
1340 PRINT;PRINT "NOTE: IF A WATER WALL IS BEHIND A DOUBLE-PANE WINDOW, 
THEN ENTER 3.0 INSTEAD OF 1.8 FOR THE R-VALUE. IF A MASONRY WALL IS 
BEHIND A DOUBLE-PANE WINDOW, THEN ENTER 4.6 FOR THE R-VALUE." 
1350 PRINT:PI=3.1415926535# 
1360 LAT=PI*LAT/180 
1370 INPUT TILT,GAMMA,TRANS,RV,AREA 
1380 IF AREA=0 GOTO 2410 
1390 AP=AP+AREA*SIN(TILT) 
1400 PRINT:PRINT "TILT ANGLE =";TILT;"DEGREES" 
1410 PRINT "AZIMUTHAL ANGLE =";GAMMA;"DEGREES" 
1420 PRINT "TRANSMISSION COEFFICIENT =";TRANS 
1430 PRINT "R-VALUE =";RV 
1440 PRINT "AREA =";AREA;"SQUARE FEET" 
1450 'LINES 1460 THRU 1470 CALCULATE THE HEAT LOSS OF THE BUILDING'S 
WINDOWS. 
1460 AHLC=AHLC+AREA*(24-HPD ) /RV+AREA*HPD/(RV+RVNI) 
1470 PRINT:HLC=HLC+AREA*(24-HPD)/RV+AREA*HPD/(RV+RVNI) 
1480 'LINES 1490 THRU 2380 CALCULATE THE SOLAR HEAT INPUT. 
1490 D( l )=31 
1500 D(2)=30 
1510 D(3)=31 
1520 D(4)=31 
1530 D(5}=28 
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1540 D(5)=31 
1550 DC7)=30 
1560 D0Y(1)=288 
1570 D0YC2)=318 
1580 D0Y(3)=344 
1590 D0Y(4)=17 
1600 D0Y(5)=47 
1610 D0Y(6)=75 
1620 D0Y(7)=105 
1630 SC=429 
1640 IF TILT=90 THEN TILT=89.999 
1650 IF TILT=180 THEN TILT=179.99 
1660 TILT=PI*TILT/180 
1670 IF GAMMA=90 THEN EAMMA=89.9 
1680 IF GAMMA=180 THEN GAMMA=179.99 
1690 GAMMA=PI*GAMMA/180 
1700 DEF FNARCSIN(X)=ATN(X/SQR(1-X*X)) 
1710 DEF FNARCC0S(X)=.5*PI-ATN(X/SaR(l-X*X)) 
1720 DEFINT J 
1730 FOR J=1 TO 7 
1740 SIND=.397949*SIN(2*PI*(D0Y(J)+2S4)/365) 
1750 DECL=FNARCSIN(SIND) 
1760 IF DECL=0 THEN DECL=.00l  
1770 COSD=COS(D£CL) 
1780 TAND=TAN(DECL) 
1790 SINL=SIN(LAT) 
1800 COSL=COS(LAT) 
1810 TANL=TAN(LAT) 
1820 OMS=FNARCCOS(-TANL*TAND) 
1830 SINOMS=SIN(OMS) 
1840 COSOMS=COS(OMS) 
1850 H0=24*5C*( l  + .O33*C0S(2*PI*D0Y(J)/365))*(COSL*CO£D*SI NOM 
OMS*SINL*SIND)/PI 
1860 KT=H(J)/HO 
1870 HDH=I.39-4.03*KT+5.53*KT*KT-3.11*KT-3 
1880 SINT=SIN(TILT) 
1890 COST=COS(TILT) 
1900 TANT=TAN(TILT) 
1910 IF TILT=0 THEN RB=1:GOTO 2320 
1920 IF GAMMA=0 GOTO 1930 ELSE GOTO 1970 
1930 OMSS=FNARCCOS(-TAN(LAT-TILT)*TAND) 
1940 IF OMS<OMSS THEN 0MS5=0MS 
1950 RB=(COSCLAT-TILT)*COSD*SIN(OMSS)+OMSS*SIN(LAT-
TILT)*SIND)/(COSL*COSD*SINOMS+OMS*SIND*SINLÎ 
1960 GOTO 2320 
1970 SING=SIN(GAMMA) 
1980 C0SG=C0SCGAMMA) 
1990 TANG=TAN(GAMMA) 
2000 A=C0SL/(SING*TANT)+SINL/TAN6 
2010 B=TAND*(C0SL/TANG-SINL/(5ING*TANT)) 
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2020 C=A*A-B*B+1 
2030 AZI=FNARCSIN(COSD*£INOMS) 
2040 IF C0S0MS>0 GOTO 2060 
2050 AZI=PI-AZI 
2060 IF (AZI+GAMMA-3*PI/2D>0 GOTO 2080 
2070 IF OO GOTO 2160 ELSE GOTO 2140 
2080 IF (TILT+LAT-DECL-PI/2)>0 GOTO 2130 
2090 OMSS=OMS 
2100 0M5R=-0MS 
2110 G05UB 2360 
2120 GOTO 2320 
2130 IF OO GOTO 2240 
2140 RB=0 
2150 GOTO 2320 
2160 Z=FNARCC0S((A*B+SQR(A*A-B*B+1))/(A*A+l))  
2170 IF Z>OMS THEN OMSR=-OMS ELSE OMSR=-Z 
2180 IF (A-8)<0 GOTO 2190 ELSE GOTO 2200 
2190 OMSR=-OMSR 
2200 Z=FNARCC0S((A*B-SQR(A*A-B*B+1))/(A»A+l))  
2210 IF Z>OMS THEN OMSS=OMS ELSE 0MS5=Z 
2220 GOSUB 2360 
2230 GOTO 2320 
2240 OMSR=-OMS 
2250 OMSS=-FNARCCOS((A*B-S0R(A*A-B*B+1))/(A*A+l))  
2260 GOSUB 2360 
2270 RB1=RB 
2280 OMSR=FNARCC05((A*B+SQR(A*A-B*B+1))/(A*A+l }  )  
2290 OMSS=OMS 
2300 GOSUB 2360 
2310 RB=RB+RB1 
2320 R=(l-HDH)*RB+HDH*( l+C0ST)/2+REFL(J)*( l -C0ST)/2 
2330 HT=R*H(J) 
2340 SHI(J)=SHI(J)+HT*AREA*D(J)*TRANS/1000000! 
2350 GOTO 2380 
2360 RB=((COST*SIND*SINL-SIND*COSL*SINT*COSG)*(OMSS-OMSR)+ 
(COSL*COST+COSG*SINT*SINL)*COSD*(SIN(OMSS)-5IN(OMSR))-
(COSD*SINT*SING)*(COS(OMSS)-COS(OMSR))) /  
(2*(COSL*COSO*SINOMS+OMS*SINL*SIND)) 
2370 RETURN 
2380 NEXT J 
2390 PRINT " IF THERE ARE MORE WINDOWS THEN ENTER VALUES AS BEFORE, IF 
NOT THEN ENTER ZEROES." 
2400 PRINT:GOTO 1370 
2410 PRINT:PRINT "ENTER TOTAL FLOOR AREA OF HOUSE IN SQUARE FEET" 
2420 PRINT:INPUT FLOOR 
2430 PRINT:PRINT "TOTAL FLOOR AREA =";FLOOR ;"SQUARE FEET" 
2440 PRINT:PRINT "NONWINDOW AREAS INCLUDE WALLS, DOORS, CEILING, ETC. 
BUT DO NOT INCLUDE BASEMENT WALL AREAS THAT ARE MORE THAN 3 FEET 
UNDERGROUND." 
2450 PRINT:PRINT "ENTER A NONWINDOW AREA IN SQUARE FEET(COMMA)R-VALUE 
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2460 PRINT:INPUT AREA,RV 
2470 PRINT:IF AREA=0 GOTO 2540 
2480 PRINT "AREA =";AR£A;"SQUARE FEET" 
2490 PRINT "R-VALUE =";RV 
2500 'LINES 2510 THRU 2600 CALCULATE THE HEAT LOSS OF WALLS, CEILING, 
ETC. 
2510 PRINT:HLC=HLC+AREA*24/RV 
2520 PRINT "IF THERE ARE MORE NONWINDOW AREAS THEN ENTER VALUES AS 
BEFORE, IF NOT THEN ENTERZEROES" 
2530 PR I  NT:GOTO 2460 
2540 PRINT "ENTER VOLUME OF AIR IN HOUSE THAT IS KEPT AT 50 DEGREES 
FAHRENHEIT OR ABOVE (CUBIC FEET)" 
2550 PRINT:INPUT VOL 
2560 PRINT:PRINT "VOLUME ="jVOL;"CUBIC FEET" 
2570 PRINT;PRINT "ENTER NUMBER OF AIR CHANGES PER HOUR" 
2580 PRINT;INPUT ACPH 
2590 PRINT:PRINT "AIR CHANGES PER HOUR =";ACPH 
2600 PRINT:PRINT:HLC=HLC+.018*ACPH*V0L*24 
2610 IF DG$="N" GOTO 3000 
2620 IF DG$="n" GOTO 3000 
2630 'LINES 2640 THRU 2990 CALCULATE THE MONTHLY HEATING NEEDS FOR A 
DIRECT GAIN .SYSTEM. 
2640 PRINT:P'RINT "ENTER THE NUMBER OF ONE OF THE FOLLOWING NINE SYSTEMS 
WHICH "MOST CLOSELY APPROXIMATES THE BUILDING'S DIRECT GAIN 
SYSTEM." 
2650 PRINT:PRINT " 
THERMAL 
2660 PRINT " 
STORAGE 
2670 PRINT " GLAZING- NO. OF NIGHT 
CAPACITY 
2680 PRINT "SYSTEM AREA RATIO GLAZINGS INSULATION 
(BTU/SO.FT.-DEG.F) 
2690 PRINT 
NOMINAL" 
MASS-TO-
MASS" 
THICKNESS" 
( I N . ) "  
2700 PRINT 
2 "  
2710 PRINT 
2 "  
2720 PRINT 
2 "  
2730 PRINT 
6 "  
2740 PRINT 
6 "  
2750 PRINT 
6 "  
2760 PRINT 
4" 
1 
2 
3 
4 
5 
6 
7 
6 
6 
6 
3 
3 
3 
6 
2 
3 
2 
2 
3 
2 
2 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
30 
30 
30 
45 
45 
45 
60 
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2770 PRINT "  8 5 
4" 
2780 PRINT "  9 6 
4" 
2790 SYS$=INKEY$:IF SYS$="" THEN 2790 
2800 IF SYS$="1" THEN A=.565 :B=1 .009:C=1.044 :D1=.7175 :R=.3931 :G=9.359999 
2810 IF SYS$="2" THEN A=.5906:B=1.006:C=1.065:D1 = .8099:R=.4681 :G=5.28 
2820 IF SYS$ = "3" THEN A=.5442:B=.9715 :C=1.13 :D1=.9273 :R=.7086 :  G=2 .64 
2830 IF SYS$="4" THEN 
A=.5739:B=.9948:C = 1 .251:01 = 1.061 :R=.7905 :G=9.600001 
2840 IF SYS$="5" THEN A=.618:8=1:C=1.276:01=1.156:R=.7528:G=5.52 
2850 IF SYS$="6" THEN A=.5601:B=.9839:C=1.352:01=1.151:P=.8879:6=2.38 
2860 IF SYS$="7" THEN 
A=.6344:B=.9887:C=I.527:01 = 1.438:R=.8632 :G=9.600001 
2870 IF SYS$="8" THEN A=.6763 :B=.9994 :C=1.4 :Dl  = l .394 :R=.7604 :G=5.28 
2880 IF SYS$="9" THEN A=.6182:B=.9859 :C=1.566:D1=1.437 :R=.899 :G=2.4 
2890 F=(HLC-AHLC)/HLC 
2900 FOR J=1 TO 7 
2910 GHLCJ)=MDD(J)*HLC/1000000! 
2920 SLR(J)=SHI(J)/GHL(J) 
2930 FRACT=SLR(J)/(F+G/HLC) 
2940 IF FRACT>R THEN SHFCJ)=l-F*(1-B+C*EXP(-01*SLR(J)/(1-
F+G/HLC))*(1+G*AP/HLC)) 
2950 IF FRACT<R THEN SHF(J)=1-F*(1-A*SLRCJ)/(F+G/HLC))* 
(1+G*AP/HLC) 
2960 IF SHF(J)>1 THEN SHF(J)=1 
2970 USH(J)=SHF;J)*GHL(J) 
2980 MHN(J)=GHL(J)-USH(J) 
2990 NEXT J 
3000 IF MSW$="N" GOTO 3140 
3010 IF MSW$="n" GOTO 3140 
3020 'LINES 3030 THRU 3130 CALCULATE THE MONTHLY HEATING NEEDS FOR A 
MASONRY THERMAL STORAGE WALL SYSTEM. 
3030 FOR J=1 TO 7 
3040 GHLCJ)=MDD(J}*HLC/10000G0! 
3050 SLRCJ)=SHI(J)/GHLCJ) 
3050 IF SLRCJK.l  THEN SHF (  J  )=.  452*S LR (  J  )  ELSE SHF (  J  )  = 1 .01 37-
1 .0392*EXP(-.7047*SLR( J))  
3070 IF SLR(J)<.5 THEN SHFNI(J)=.7197*SLR(J ) ELSE 
5HFNI(J)=l .0074-1.1195*EXP(-1.0948*SLR(J))  
3080 IF SHF(J)>1 THEN SHF(J)=1 
3090 IF SHFNI(J}>1 THEN SHFNI(J}=1 
3100 SHFCJ)=(SHFNI(J)-SHF(J))*RVNI/9+SHF(J) 
3110 USH(J)=SHF(J)*GHL(J) 
3120 MHN(J)=MHN(J)+GHLCJ)-USH(J) 
3130 NEXT J 
3140 IF WSW$="N" GOTO 3290 
3150 IF WSW$="n" GOTO 3290 
3160 'LINES 3170 THRU 3270 CALCULATE THE MONTHLY HEATING NEEDS FOR A 
WATER THERMAL STORAGE WALL SYSTEM. 
NO 
YES 
60 
60 
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3170 FOR J=1 TO 7 
3180 GHLCJ)=MDD(J)*HLC/1000000! 
3190 SLR(J)=SHI(J)/GHL(J) 
3200 IF SLR(J)<.8 THEN SHF(J)=.5995*SLR(J) ELSE SHF(J)=1.0149-1.26+EXP(-
1.0701*SLR(J))  
3210 IF SLR(J)<.7 THEN SHFNI(J)=.7642*SLR(J) ELSE 
SHFNI(J)=1.0102-1.4027*EXP(-1.5461»SLR(J))  
3220 IF 5HF(J)>i  THEN SHF(J)=1 
3230 IF SHFNI(J)>1 THEN SHFNI(J)=1 
3240 SHF(J)=(SHFNI(J)-SHF(J))*RVNI/9+SHF(J) 
3250 USH(J)=SHF(J)*GHL(J) 
3260 MHN(J)=MHN(J)+GHL(J)-USH{J) 
3270 NEXT J 
3280 'LINES 3290 THRU 3340 CALCULATE MONTHLY HEATING NEEDS, ANNUAL 
HEATING NEEDS, HOME HEATING REQUIREMENT, AND HOME HEATING INDEX. 
3290 FOR J=1 TO 7 
3300 MHN(J)=MHN(J)/AVERA6E 
3310 AHN=AHN+MHN(J) 
3320 NEXT J 
3330 HHR=(MHN(3)+MHN(4)+MHN(5))*1OOOOOO!/(MDD(3)+MDD(4)+MDD(5))  
3340 HHI=HHR/F100R 
3350 HLC=INT(HLC) 
3360 AHN=INT(100*AHN)/100 
3370 HHR=INT(HHR) 
3380 HHI=INT(100*HHI)/100 
3390 FOR J=1 TO 7 
3400 GHL(J) = INT(100*GHL(J) ) /100 
3410 SHKJ)=INT(100*SHI(J)) /100 
3420 SLR(J) = INT(1000*SLR(J) ) /1000 
3430 SHF(J)=INT(1000*SHF(J)) /1000 
3440 USH(J)=INT(100*USH(J)) /100 
3450 MHN(J)=INT(100*MHN(J)) /100 
3460 NEXT J 
3470 'THE REMAINDER OF THIS PROGRAM DISPLAYS RESULTS. 
3480 PRINT TAB(21);  "OCT. NOV. DEC. JAN. FEB. MAR. 
APR. "  
3490 PRINT "1.  Total  monthly" 
3500 PRINT "  degree-days";  :PRINT TAB(21 ) ; - .PRINT USING 
"####• ' ;MDD(1 ) ;  :PR INT TAB (  30 PRINT USING "####" ;MDD(2); :PRINT 
TAB( 39 ) ; - .PRINT USING "####" ;MDD( 3 )  ;  
3510 .-PRINT TAB (  48 ) ; :  PRINT USING "####" ;MDD(4); :PRINT 
TABC 57);- .PRINT USING "####";MDDC5 ) ;  :PRINT TAB (66 )  ;  :  PRI NT USING 
"####";MDD(6);  :PRINT TAB(75 )  j - .PRINT USING "####" ;MDD( 7)  
3520 PRINT "2.  Gross heat"  
3530 PRINT "  loss (MBTU)";  :PRINT TAB(20);  :PRINT USING 
"##.##";GHL(1); :PRINT TAB(29);  :PRINT USING ;GHL(2); :PRINT 
TAB(38); :PRINT USING GHLC3);  
3540 -.PRINT TABC47);- .PRINT USING "##.##";  GHL (  4 ) ; :  PRI NT TAB(56) ; - .PRINT 
USING "##.##";GHL(5); :PPINT TAB(65); :PRINT USING ;GHL(6); :PRINT 
TAB( 74);- .PRINT USING ;GHL(7) 
100  
3550 PRINT "3.  Solar heat"  
3560 PRINT "  input (MBTU)"; :PRINT TAB(20); :PRINT USING 
5 SHKl) ; - .PRINT TAB (  29 j  ;  ;  PRI NT USING SHI (  2 ) ; ;  PRI NT 
TAB(38) ; - .PRINT USING SHI( 3 )  ;  
3570 iPRINT TAB(47); :PRINT USING "##.##";SHI(4PRINT TAB(56);  :PRINT 
USING "d#.##";SHI(5); :PRINT TAB(65 ) ; - .PRINT USING ;SHI(6); :PRINT 
TAB(74); :PRINT USING SHI (  7)  
3580 PRINT "4.  Solar load" 
3590 PRINT "  rat io"; :PRINT TAB(20); :PRINT USING "#.###";SLR(1PR I  NT 
TAB(29)- .PRINT USING "#.###";  SLR( 2 PRI NT TAB (  38 )  ;  :  PRI NT USING 
"#.###";SLR(3);  
3600 -.PRINT TAB(47); :PRINT USING S LR( 4 PRI NT TAB ( 56 )  ;  :  PR I  NT 
USING "#.###";SLR(5); :PRINT TAB(65); :PRINT USING "#.###";SLR(6); :PRINT 
TAB(74)J:PRINT USING ;SLR(7) 
3610 PRINT "5.  Solar heat ing" 
3620 PRINT "  f ract ion";rPRINT TAB(20); :PRINT USING 
"#.###" jSHF(n; :PRINT TAB (29 PRI NT USING SHF (  2 ) ; :  PRI NT 
TAB(38)JtPRINT USING "#.###";SHF(3) ;  
3630 -.PRINT TAB(47) ;  :PRINT USING "#.###";  SHF (  4 PRI NT TAB(56) ;  :PRINT 
USING "#.###";SHF(5); :PRINT TAB(65) j :PRINT USING "#.###";5HF(6PRINT 
TAB(74); :PRINT USING ;SHF(7) 
3640 PRINT "6.  Useful  solar"  
3650 PRINT "  heat (MBTU)"; :PRINT TAB(20PRINT USING 
;USH(1); :PRINT TAB(29);  :PRINT USING USH(2); ;PRINT 
TAB(38); :PRINT USING USH(3);  
3660 tPRINT TAB(47);- .PRINT USING "##.##";  USH( 4 ) ; :  PRI NT TAB ( 56 )  ;  :  PR INT 
USING "##.##" ;USH(5); :PRINT TAB(65 ) ; - .PRINT USING USH( 6 PRI NT 
TAB(74) J-.PRINT USING ;USH(7 } 
3670 PRINT "7.  Auxi l iary heat"  
3680 PRINT "  needed (MBTU)"; :PRINT TAB(20PRINT USING 
"##.##";MHN(1); :PRINT TAB(29) j :PRINT USING ;MHN(2); :PRINT 
TAB(38);rPRINT USING ;MHN(3);  
3690 -.PRINT TAB(47) ;  :PRINT USING ;MHN(4); :PRINT TAB(56) ;  :PRINT 
USING ;MHN(5); :PRINT TAB(65PRINT USING MHN(6); :PRINT 
TAB(74); :PRINT USING MHN( 7)  
3700 PRINT:PRINT:PRINT "BUILDING HEAT LOSS COEFFICIENT 
=";HLC;"BTU/DEGREE-DAY" 
3710 PRINT "AUXILIARY HEAT NEEDED FOR OCTOBER THRU APRIL ;AHN;"MBTU" 
3720 PRINT "HOME HEATING REQUIREMENT =";HHR;"BTU/DEGREE-DAY" 
3730 PRINT "HOME HEATING INDEX =";HHI;"BTU/DEGREE-DAY-SQ.FT." :  PR INT 
3740 PRINT "DO YOU WANT THE ABOVE RESULTS PRINTED OUT? (Y,N)" 
3750 PR$=INKEY$: IF PR$="" THEN 3750 
3760 IF PR$="Y" THEN 3790 
3770 IF PR$="y" THEN 3790 
3780 GOTO 4050 
3790 LPRINT TAB(21);  "OCT. NOV. DEC. JAN. FEB. MAR. 
APR." 
3800 LPRINT:LPRINT "1.  Total  monthly" 
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3810 LPRINT "  degree-days"; :LPRINT TAB(2n;:LPRINT USING 
"####";MDD(1); :LPRINT TAB(30);  ;LPRINT USING "####";MDD(2LPRINT 
TAB( 39) ; - .LPRINT USING "####" ;MDD(3); :LPRINT TAB( 48 ) ; :  LPRINT USING 
"####";MDD(4)LPRINT TAB(57); :LPRINT USING "####";MDD(5);  
3820 :LPRINT TAB(66LPRINT USING "####";MDD(6LPRINT TAB(75); :LPRINT 
USING ' •####" ;MDD(7) 
3830 LPRINT:LPRINT "2.  Gross heat"  
3840 LPRINT "  loss (MBTU)";  :LPRINT TAB(20);  :LPRINT USING 
" # # . # # " ; G H L ( 1 ) ; : L P R I N T  T A B { 2 9 ) ;  : L P R I N T  U S I N G  G H L ( 2 L P R I N T  
TAB(38); :LPRINT USING "##.##" jGHL(3); :LPRlNT TAB(47);  :LPRINT USING 
"##.##";GHL(4);- .LPRINT TAB( 56 LPRINT USING GHL( 5 )  ;  
3850 :LPRINT TAB(65LPRINT USING GHL(6); :LPRINT 
TAB(74); :LPRINT USING ;GHL(7) 
3860 LPRINT-.LPRINT "3.  Solar heat"  
3870 LPRINT" input (MBTU)"; :LPRINT TAB(20LPRINT 
USING"##.##";SHI(1)LPRINT TAB(29); :LPRINT USING"##.##" ;SHI(2);  :LPRINT 
TAB(38); îLPRINT USING"##.##";SHI(3);  :LPRINT TAB(47) j :LPRINT 
USING"##.##";  SHI (4) ;  -.LPRINT TAB(56) ;  :LPRINT US ING"##. ##" ;  SHI (  5 }  ;  
3 8 8 0  : L P R I N T  T A B ( 6 5 ) ; : L P R I N T  U S I N G  " # # . # # " ; S H I ( 6 L P R I N T  
TAB(74); :LPRINT USING "##.##";SHI(7) 
3890 LPRINT:LPRINT "4.  Solar load" 
3900 LPRINT "  rat io"LPRINT TAB(20);  :LPRINT USING 
"#.###";SLR(1); :LPRINT TAB(29);  :LPRINT USING "#.###";SLR(2); :LPRINT 
TAB(38); :LPRINT USING "#.###";SLR(3); ;LPRINT TAB(47);  :LPRINT USING 
"#.###";SLR(4); :LPRINT TAB(56); :LPRINT USING "#.###";SLR(5 )  ;  
3910 iLPRINT TAB(65); ;LPRINT USING "#.###";SLR(6); ;LPRINT 
TAB(74); :LPRINT USING "#.###";SLR(7) 
3920 LPRINT:LPRINT "5.  Solar heat ing" 
3930 LPRINT "  f ract ion"; :LPRINT TAB(20); :LPRINT USING 
"#.###";SHF(1]; :LPRINT TAB(29);  :LPRINT USING "#.###";SHF(2LPRINT 
TAB(38); ;LPRINT USING "#.###";SHF(3); :LPRINT TAB(47);  :LPRINT USING 
"#.###";SHF(4); :LPRINT TAB(56); :LPRINT USING "#.###";SHF(5);  
3940 :LPRINT TAB(65);  :LPRINT US ING "#.###";SHF(6LPRI NT 
TAB(74); :LPRINT USING "#.###";SHF(7) 
3950 LPRINT:LPRINT "6.  Useful  solar"  
3960 LPRINT "  heat (MBTU)"; :LPRINT TAB(20); :LPRINT USING 
"##.##";USH(1); :LPRINT TAB(29);  :LPRI NT USING "##.##";USH(2LPRINT 
TAB(38); :LPRINT USING "##.##";USH(3LPRINT TAB(47);  ;LPRINT USING 
"##.##";USH(4); :LPRINT TAB(56);  :LPRINT USING "##.##";USH(5);  
3970 :LPRINT TAB(65); :LPRINT USING "##.##";USH(6); :LPRINT 
TAB(74); :LPRINT USING "##.##";USH(7) 
3980 LPRINT:LPRINT "7.  Auxi l iary heat"  
3990 LPRINT" needed (MBTULPRINT TAB(20); :LPRINT 
USING"##.##";MHN(1); :LPRINT TAB(29); :LPRINT USING"##.##";MHN(2);  :LPRINT 
TAB(38)LPRINT USING"##.##";MHN(3);  :LPRINT TAB(47); :LPRINT 
USING"##.##";MHN(4); :LPRINT TAB(56); :LPRINT USING"##.##";MHN(5);  
4000 :LPRINT TAB(65); ;LPRINT USING "##.##";MHN(6); :LPRINT 
TAB(74); :LPRINT USING "##.##";MHN(7) 
4010 LPRINT:LPRINT:LPRINT "BUILDING HEAT LOSS COEFFICIENT 
=";HLC;"BTU/DEGREE-DAY" 
102  
4020 LPRINT:LPRINT "AUXILIARY HEAT NEEDED FOR OCTOBER THRU APRIL 
=";AHN;"MBTU" 
4030 LPRINT:LPRINT "HOME HEATING REQUIREMENT =";HHR;"BTU/DEGREE-DAY" 
4040 LPRINT:LPRINT "HOME HEATING INDEX =";HHI;"BTU/DEGREE-DAY-SO.FT." 
4050 PRINTiPRINT "DO YOU WANT TO CALCULATE THE HHI OF ANOTHER BUILDING? 
4060 AB$=INKEY$:IF AB$="" THEN 4060 
4070 IF AB$="Y" THEN RUN 
4080 IF AB$="y" THEN RUN 
4090 END 
